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PROGRESS REPORT OF THE STATE WATER SUPPLY 

COMMISSION ON WATER POWER 

DEVELOPMENT. 



To the Governor and Legislature of the State of New York: 

The Legislature of New York by the passage of chapter 669 
of the Lawd of 1907, known as the Fuller bill, took an advanced 
stand upon the principle of State ownership and control of one 
of its greatest natural assets, namely, the vast water powers 
within its borders. 

For the purpose of making a thorough investigation into the 
subject of State ownership of its water powers, and State control 
of the flood waters of the large streams, the Legislature appropri- 
ated the sum of .$35,000 and directed the State Water Supply 
Commission " to collect information relating to the water powers 
of the State and to devise plans for the development of such water 
powers," and to report to the Governor and Legislature on or be- 
fore February 1, 1908, the progress it had made with such inves- 
tigation. 

The plan and scope of the bill contemplates that the Commis- 
sion, in making its final report, shall furnish to the State as 
complete and accurate information as would be required by a con- 
servative business man who was looking only for profits before 
investing his fortune in a private enterprise. In building storage 
dams, the nature of the work is so intricate and requires so much 
technical knowledge of local conditions, namely, of drainage area, 
rainfall, stream flow, run-off, geological formation which can be 
learned only by deep borings, building material, lands to be flowed, 
rights to be acquired, flow lines, to be established, coast line treat- 
ment, elevations, capacity of reservoir, dam foundation, height of 
dam, manner of drawing off water and the extent to which water 
may be drawn, the establishment of bench marks, etc., that a long 
period of time must necessarily be given and a large amount of 
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money expended in gaining the sufficient data to be included in 
any satisfactory final report 

As soon as the 'bill making these provisions became a law, July 
12, 1907, this Commission immediately began the work it was 
directed to do. , ^ 

Realizing the importance of a thorough investigation and the 
benefit which will result to the people by developing the water 
powers of the State under State ownership and by controlling the 
flood waters of the large rivers, the Commission determined to 
engage the services of one of the most eminent hydraulic engineers 
it could find to plan the investigation and direct the studies of 
the Commission. It secured the services of John R. Freeman for 
this purpose. 

In company with this engineer, the Commission then made a 
personal inspection of the Sacandaga, Indian and Genesee rivers 
and their watersheds, for the purpose of determining upon which 
of these rivers it should make its first detailed studies. As the re- 
sult of such preliminary examination, it was decided to make care- 
ful surveys of the Sacandaga river with the project in view of 
building a large storage dam at or near Conklingville, Saratoga 
Co., and also to make surveys and studies of the conditions on the 
Oenesee river with a view to building a storage dam at or near 
Portage, so planned as not to interfere with the scenic beauty of 
Letchworth Park. The surveys, studies and investigations already 
made, prove the wisdom of these selections. 

The State of New York is fortunate in having in its own moun- 
tains and highlands the sources of many large rivers which run 
their entire course within its territory, for fall as well as volume 
contributes to their value for power purposes. 

Excluding Niagara and the St Lawrence, the. rivers of the State, 
with the proper storage of their flood waters, are capable of fur- 
nishing at least 1,000,000 horse power for industrial purposes. On 
account of the wide difference between the minimum and maxi- 
mum flow of the streams, the minimum flow being the real test of 
the power value, aj; least 65 per cent, of their potential energy is 
lost to the owners of water rights and to the people of the State. 
It is clear therefore that 550,000 horse power of energy is an- 
iiuallv allowed to run to waste because no well devised and com- 
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prehensive plan for the general and systematic development of 
water power has yet been undertaken by the State. 

At a low estimate the advantage of water over steam power is 
at least $12 per horse power per year. The annual earning ca- 
pacity of the wasted energy based on even so low an estimate is 
$6,600,000. Add to this the $1,000,000 per year of direct dam- 
age caused by floods, and the indirect damage which no one has 
yet been able to deftermine, but which is surely equal to the 
direct damage, and the value of an equalized flow during the 
summer months in the great rivers, which is not inoonsiderAble 
and the possibilities to be derived from proper treatment of the 
Niagara and St. Lawrence, and the aggregate will give some idea 
of the value to be obtained by the systematic development and 
increase of the water powers of the State. 

The rivers of the State are and have been open to inspection by 
everyone. The locations of falls and power sites have long been 
known to individuals and it has not been difficult to acquire them. 
Meantime the possibilities of power development have been stead- 
ily growing and the advantages to be gained thereby have been con- 
stantly increasing. It is not strange therefore that far seeing 
men have purchased nearly all of the most desirable water power 
within the State, except such as may be situate along the bound- 
ary rivers. 

Up to this time tliere has not been, and under present condi- 
tions there can not be such economical and general development of 
water power by private interests, as will include the storing of 
flood water on a scale at all commensurate with the advantages 
to be gained thereby. It is from this method that the greater 
amount of increase is to come. Moreover, the individual or cor- 
poration that invests money usually does so in the hope of im- 
mediate gain — the larger the immediate profits the more enthusi- 
astic the promoter. There is therefore the temptation to cut out 
of the work everything that can be postponed or avoided, no matter 
how essential it may be to the future success of any well considered 
plan. The storing of flood waters will provide not only power 
development at the site of the dam, but will also increase the 
power of every user down the stream. The fear of improving the 
plant and power of a competitor might well restrain an owner 
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of water power from going further up stream and building a 
storage dam 'that would increase the value of his neighbor's plant 
as well as his own. It is also very difficult for several interests to 
combine in aid of such a project. Even though 'they should be 
willing to engage in a joint enterprise for such a purpose, there 
would be still the lack of power to condemn land for storage 
purposes for which recourse Kiust be had to the law-making body. 

The United States census of manufactures for 1905, Bulle- 
tin 88, shows that of the 1,647,969 horse power developed by 
water in the United States for manufacturing purposes, 446,134, 
or 27% per cent, was used in the State of New York. This is 
more than twice as much as is used by its principal competitor, 
the State of Maine, and more than one-half as much as the total 
.steam power for like purpose used in the State. The increase in 
^water power in this State from 1900 to 1905 was over 100,000 
liorse power. This rapid increase in so short a period is, without 
'doubt, one of the causes which has attracted the attention of econo- 
:mists to the value for the State's own benefit of this branch of 
its natural resources. 

By means of storage dams constructed by the State at available 
points in order to hold back the flood waters of many of our large 
rivers, it is possible so to equalize their flow as to more than double 
the available horse power they now produce. Such improvement 
can be made to yield a revenue that will not* only pay the cost of 
constructing and maintaining the dams, but that also will provide 
a large income for the State for all time. 

The Commission believes that through the building by the State 
of storage dams, thus conserving water for power purposes, five 
distinct advantages will accrue : 

(a) The construction of such dams will decrease the annual 
<lamage by flood waters. 

(6) It wiir assure a larger minimum flow which will improve 
the sanitary conditions. 

(c) It will provide a deeper channel for the Hudson thus 
improving navigation and insuring an abundance of water for 
the increasing needs of the canals. 

(d) It will provide cheaper power for manufacturing purposes, 
and by stimulating various industries, furnish larger fields of em- 
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plojment, while insuring uninterrupted labor in already existing 
plants. 

(e) It will provide a satisfactory annual income to the State. 
- Each of these points is in itself worthy of the careful investi- 
gation which the Legislature -has directed to be made. 

Controllable power is the vitpl force in our industrial develop- 
ment and one of the chief elements upon which civilization is 
based. Manufactories, transportation and artificial light are 
largely dependent upon it. The more complex our civilization, 
the more intricate our manufacturing enterprises, and the more 
important rapid transit becomes, the greater our dependence upon 
this force. There are two sources of power available — coal and 
falling water. Both require skill and money to turn their latent 
force into active energy. Coal once used is gone — but water 
however often utilized returns ugain — coal is growing less plenti- 
ful and more expensive — while water by the processes of nature 
keeps up its original force without additional cost. 

It is universally conceded that the nse of falling water for 
power purposes is much more economical than coal. As competi- 
tion becomes more acute the value of water power over steam 
becomes greater. Cheap power must continue to be a vitally in- 
teresting subject to those who manufacture goods, provide trans- 
portation, and furnish light. The dis(!Overies which permit the 
<5arrying of electrical currents a long distance have largely in- 
<}reased the value of falling water for power purposes. Such power 
must of necessity continue to grow in value as new opportunities 
for its use appear, and as the price of fuel advances. 

This is a plain statement of an almost elementary truth with 
which all who stop to consider our industrial conditions are 
familiar. This economic condition is attracting attention to the 
possibilities of the greater use of falling water and constitutes a 
summons to those in authority to provide a way to save the lost 
'energy that is annually allowed to run to waste in our rivera. 

For years nature has presented the spectacle of wasted energy in 
water courses, and the action of the Governor and Legislature in 
directing so important a work as the conservation of this wasted 
power meets the hearty approval of all who have given the subject 
serious thought. 
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An enterprise of so important a nature on the part of the State 
will require new legislation. All new conditions require new 
laws to meet them. The Legislature and the officers and experts 
in charge of the undertaking can be trusted however to work out a 
just and equitable law that will meet every requirement necessary 
to enable the State to enter upon the project. 

The Sacandaga Development. 

The studies, surveys and investigations made upon the Sacan- 
daga reveal the following facts : 

The Sacandaga river rises in the Adirondack mountains, its 
western branch in the south central part of Hamilton county, its 
eastern in the western part of Warren county, and it drains Lakes 
Pleasant, Piseco, Spy, Oxbow, FaAvn, Elm, Sacandaga and others. 
The upper part of its water-shed is largely covered with forests, 
a great part of which are already owned by the State. These 
forests and lakes constitute of themselves natural reservoirs, and 
are so situated that with minimum effort their flood waters can b© 
still more largely stored and made of practical use. 

The Sacandaga river from its source to Conklingville is sixty- 
five miles long and has a drainage area of 1, 050 square miles. At 
Conklingville, the place selected for a dam site, the mountains 
come closely together and the river runs thence in a narrow valley 
to its confluence with the Hudson at Hadley. 

Above the proposed dam, the valley to be flooded consists of 
farms and swamps. Thousands of acres are covered with a thick, 
brushy growth of alders of little value. A large part of the soil 
still farmed is not valuable for such purposes. Evidence of the 
poor quality of it is seen at a glance, and no amount of industry 
can turn these sterile flats into productive areas. 

There are places where good farming lands are found, but in 
comparison with the great acreage of the valley these are few. 
Years ago when tiinber was abundant and tanneries flourished, 
prosperous villages grew and thrived. But of late the opportuni- 
ties for manufacturing and farming are 90 few that, except in rare 
instances a general depopulation has taken place and this must 
continue. The mountains and hills forming the walls of the valley 
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are either rock or glacial sand drift ; they are barren, steep, and 
contribute in no way to the thrift or prosperity of the occupants of 
the low lands. The river is subject to frequent spring and. summer 
freshets which often flood large areas and destroy such crops as 
the land might otherwise have produced. It is a delightful 
country to ride through but a sterile one in which to make a 
living. 

It is this valley that the Commission decided upon as one of 
the best in which to begin its investigations for the State. As soon 
as possible, therefore, after the bill authorizing these investiga- 
tions became a law, the enterprise was organized under the direc- 
tion of our engineer, and five sun-eying parties, including engi- 
neers, draughtsmen and drillers with boring outfits, properly 
equipped, took the field and began the work. They were directed 
to make careful and complete surv^eys, plot the area of the land 
to be overflowed, — tak^ elevations to determine the flow linie of 
the reservoir when full, and the point to which the water could 
be safely drawn down, — s(»lect a site for a dam and power 
house, — make borings to aac(^rtain the location of rock founda- 
tion, locate a suitable place for a spill way, — gauge the river and 
streams tributary to it, — measure the capacity of the dam pro- 
posed and the amount of available flood water it would store for 
power purposes, and gather sufficient data on which to base con- 
clusions and recommendations. 

The Commission requested the engineer to answer the following 
questions : 

(1) Can a suitable site for a large storage dam be located ? . 

(2) How much water will such a dam store? 

(3) How much water will the Sacanda^a river at this point 
furnish for power purposes? 

(4) What kind of property would be flooded by such a dam? 

(5) The value of the property in the flooded area. • 

(6) How many horse power can be produced at the dam? 

(7) How much would the proposed dam increase the pres- 
ent horse power development of each power plant down the 
stream ? 

(8) A plan of such a dam worked out in detail. 

(9) A plan of a proposed power house worked out in detail. 
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(10) The total cost of such a dam and power house, not in- 
cluding land damages. 

(11) The time required to complete such an enterprise, 

(12) An estimate of the land damages. 

Oil account of the short interval between the commencement of 
the work and the making of this progress report, the final answers 
to the 5th, 8th, 9th, 10th, 11th and 12th questions are not at- 
tempted at this date. These questions can be answered only after 
most careful estimates from accurate detailed plans that are yet 
to be made. 

The answers to the 1st, 2d, 3d, 4th and 6th questions are such 
as to inspire confidence in the work contemplated and in the final 
results to be anticipated. 

From the work already done it appears entirely probable that 
a safe and suitable site for a dam can be located at or near Conk- 
lingville, Saratoga county, that will cover an area of 40 square 
miles and store about 26 billion cubic feet of flood water; that 
the Sacandaga river thus dammed will furnish 'at this" point a 
sufficient amount of water to produce 60,000 horse power of 
energy, which is greater than the aggregate water power of 
Lowell and Holyoke combined, or will increase the present avail- 
able force at sites lower down the Hudson by 70,000 horse power 
for the six dry months of the year. 

Such a dam will set the water back to the village of Northville, 
a distance of 30 miles, completely submerging the whole valley 
between these two points, including the villages of Munsonville 
and Huntsville, a part of the villages of Northville, Sacandaga 
Park, Northampton, Cranberry Creek, Vails Mills, Benedict, North 
Broadalbin, Batchellerville, Day Center and Mayville, and about 
4 miles of the Fonda, Johnstown & Gloversville railroad. In 
building this dam the treatment of the shore line will be such a& 
to make it an attractive sandy beach when the water is drawn 
down. This will be made possible by removing all timber, and 
by permitting the wave action in time to create conditions like 
those found on the margins of a natural lake, leaving nothing but 
clean sand or rock from the low to the high water line. Such a 
lake, extending from Conklingville up the river to the village of 
Northville, would add to the beauty and attractiveness of these 
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foot hills reaching up into the mountains. It would also furnish 
thousand of delightful camp sites upon a lake very much larger 
than most of those in the Adirondacks, and easier of access from 
large centers of population. 

These facts have been derived from information carefully 
gathered by the Commission, and show that the increase of the 
available horse jpower for sites down the river, which can be ob- 
tained at this one storage dam by the broad and comprehensive 
plan of the Commission is 50 per cent, more than the total increase 
estimated by Mr. George W. Eafter in his " Hydrology of New 
York State," as possible for the entire Hudson river. It must be 
borne in mind, moreover, that the plan outlined contemplates 
building for the future. While seeking at this time to fully con- 
serve the wasted energy of the Sacandaga river, at this point 
only, the Commission is not unmindful of the possibilities of 
additional storage dams on the head waters of the Hudson. As 
such energy has an actual value for power puq)<>s<^s, it is the 
design of the Commission in its final report on this subject, to 
respond in detail to all the requirements of chapter 5G9 of the 
Laws of 1907. 

Hadley Reservoir. 

Surveys and test borings have been made at Iladley for the 
purpose of determining whether a storage dam can be built at this 
place across the Hudson which will economically increase the 
power development at each of the thirteen power sites lower down 
the river. The investigations have not proceeded far enough at 
this time to give the amount of flood waters that could be stored 
there for power development and flood protection. These investi- 
gations will be continued in the future work of the Commiseion. 

Genesee Eiveb Studies. 

The reports of our engineering corps and studies made there- 
from and on the ground show what can be accomplished by storing 
the flood waters of the Genesee 

The river takes its rise in the highlands of the Allegheny 
region in Pennsylvania, a few miles south of the New York 
State line. Entering New York, it runs across Allegany 
county, forms the boundary for some distance between Livingston 
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and Wyoming comities and flows in a general northeasterly 
direction through Livingston and Monroe counties, emptying at 
Charlotte into Lake Ontario. The total length of the river in 
New York is approximately 107 miles and its total fall from its 
entrance into this State to the surface of Lake Ontario is about 
1,123 feet, giving an average fall in the State of 9.6 feet to the 
mile. The total catchment area of the river at Portage is 942 
square miles. 

From Portage, fifty miles above Rochester, down to Mount 
Morris the river flows for over twenty miles through a canyon in 
some places from 300 to 350 feet deep. At the head of this 
canyon are the Portage falls with a total descent, including 
rapids, of 330 feet in three miles. This fall is in three divisions 
known as the upper, middle and lower falls, with respective 
descents of 71, 107, and 70 feet, making an aggregate fall of 248 
feet exclusive of intervening rapids. 

From Mount Morris, at the foot of the canyon, the river 
passes through a broad level valley to Rochester, where there is 
another fall of. 253 feet in 41/4 miles. This fall with its power 
resourc€S gave the first industrial stimulus to the development of 
Rochester, now numbering 182,000 inhabitants, and the third 
largest city of the State. Although the Genesee has a number 
of tributary streams, there are no existing power developments 
of consequence except at Mount Morris and at Rochester, where 
the total fall is utilized. The unexampled site at Portage is as 
yet untouched. 

It is then to this great natural power site at Portage that the 
Commission has given its careful attention. The outlines of the 
proposed development include the building of a storage dam near 
the present P^^.i^nsylvania railroad bridge at Portageville, three- 
quarters of a mile above the upper falls and beyond the upper end 
of Tvctchworth Park. This dam, which would be of curved form, 
1,200 feet long on the crest line, and 160 feet high above the 
foundation, would flood an area extending fifteen miles up the 
river and averaging a mile in width, forming a lake of fifteen 
square miles surface area, about as large as Canandaigua or 
Skaneateles lake. This reservoir would store 18,000,000,000 
cubic feet of water, sufficient to provide a yearly average flow of 
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800 cubic feet per second for power purposes. The site for 
the power station would be near the hamlet of St. Helena, about 
five miles down the river as it flows, and below the limits of 
the Letchworth Park. In a line ;from the dam to the power 
house a tunnel 3 miles. long and 18 feet in diameter would be 
built running in places 200 feet underground. The net working 
head at the power plant would be 500 feet, which would permit 
a gross development of 32,000 24-hour horse power, and increase 
by nearly 20,000 the actual 24-hour horse power now developed 
at Eochester ; with use concentrated in working hours the number 
of horse power would be more than doubled. Such .develop- 
ment on a basis of only $12.00 per 24-hour horse power per year 
would produce an annual revenue of $384,000 at the power station 
and $240,000 at Rochester. But other substantial benefits must 
also be considered, viz. : relief from annual damage by floods to the 
flat lands of the Genesee valley, to property in the city of Roches- 
ter, and also the great benefit that will accrue to that city by 
increasing the low water flow of the river, thereby removing the 
nuisance caused by the city sewers. This it is stated would ob- 
viate the necessity of the expenditure of a large *sum of money 
by the city for a proposed trunk sewer. It is therefore clear that 
a storage dam of the capacity contemplated can be made to return 
a steady income to the State above all fixed charges. 

The Commission has not considered any plan for the construc- 
tion of a dam on the Genesee that would involve the slightest 
defacement of the scenic beauties of Letchworth Park. That the 
plan as proposed does not interfere with Letchworth Park must 
be evident, since both dam and power house are entirely outside 
its boundaries, and no part of the area proposed to be flooded is 
within the. limits of the park. 

The surveys and tests show that the logical and economical 
location for a dam is at or near the place selected by Mr. Rafter 
and described in the State Engineer's report of 1896, but as that 
location was partially within the boundary of Letchworth Park, 
instructions were given to our engineers to make studies for a 
dam site farther up the stream and outside of the park limits. 
Such a location has been found but on account of the width 
of the valley the cost of constructing a dam at the site selected 
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will be much greater than at the place advised by Mr. Kafter. 
The proposed storage reservoir would not destroy the scenic 
beauty of the falls by the diversion of water. Provision is 
made for several very large discharge pipes in the dam. By open- 
ing only one such outlet half way a flow of water would be pro- 
vided which would exceed the present minimum natural flow over 
the falls. 

A second line of possible criticism has been anticipated in con- 
nection with the claim which has been made that owing to geo- 
logical formation, any dam of considerable size at Portage 
would be unsafe. The Commission therefore decided to investi- 
gate the subject and has had made a series of test borings to de- 
termine whether the formation of the hills confining the reservcar 
is such as would permanently and safely stand any strain or 
pressure against these natural boundaries by reason of building a 
dam at that point. These borings so far show that the hills con- 
sist of strata of impervious clay, hard-pan and sand, instead of 
quicksands as has been claimed. There is therefore no possible 
danger in building a dam at Portage. 

In arriving at the conclusion that a storage dam capable of 
holding eighteen billion cubic feet of the flood waters of the 
Genesee river could be safely and profitably built at Portage, the 
Commission was not unmindful of the statement said to have 
been made by a noted scientist, the iate Lord Kelvin, after a 
superficial examination, as he himself stated, of the maps and 
charts of the watershed, that ^^ the proper method of utilizing the 
water power of the Genesee river is to construct small, compara- 
tively cheap danas wherever on the water-shed pondage can ^)0 ' 
obtained giving a supply of several months." The well known 
reputation of the scientist quoted, and the wish to proceed upon 
accurate information, caused the Commission to make careful 
surveys and studies upon the upper waters of the Genesee to 
determine whether small dams in sufficient numbers could be 
economically built to store and furnish water in adequate quan- 
tities to justify the adoption of such a plan. The Commission 
finds that there are on the tributaries of the Genesee above Port- 
age 12 possible dam and reservoir sites, that the combined storage 
capacity of these reservoirs would be only 3,362 million cubic 
feet, and would cost $1,200 per million cubic feet, or $4,031,100 
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for the 12 storage dams and reservoirs. This amount of storage 
is so small that it would be wholly inadequate for either flood 
protection or power purposes, and the cost out of all proportion 
to the benefits that could be derived therefrom. At Portage a 
dam and reservoir that will store five times as much water can be 
built and the cost per horse power will be only one-fourth part as 
great. The Commission is therefore compelled to report in favor 
of the larger plan as the more economical and wiser to adopt. For 
the reasons given under the head of " Sacandaga Investigation," 
the details of the plans for a dam and power house have not been 
completed nor the country fully surveyed for the purpose of locat- 
ing the lands to be flooded and estimating the damage which will 
be done in the reservoir basin, or for locating the lands to be bene- 
fited by flood prevention and the value of such benefits. The 
studies thus far made convince the Commission that it is possible 
to develop throughout the State a comprehensive and systematic 
storage of flood waters, which can be made to produce for it a 
satisfactory and perpetual income. 

Raquette River. 

The Commission has made a personal inspection of available 
sites upon the Kaquette river for dams Rud storage reservoirs. 

The river has its source in the mountain streams and lakes of 
the Adirondacks, in the southern part of Hamilton county, at an 
elevation of about 1,700 feet. It has a drainage area above the 
outlet of Round Lake of 40 square miles; above Big Tupper 
Lake of 655 square miles, and above Piercefield of 690 square 
miles. 

On account of the elevation of the water-shed above Pierce- 
field, the annual rainfall ir that locality is 48 inches, while the 
average rainfall throughout the State hardly exceeds 38 inches per 
year. This large rainfall upon more than 600 square miles of 
the upland water-shed increases the value of the Raquette river 
for water storage, and for power purposes. 

There are many thousand acres of swamp lands besides a large 
area of lakes and ponds, — to wit: Tupper Lake, Long Lake, 
Round Lake, Little Tupper Lake, Blue Mountain Lake, Forked 
Lake and Raquette Lake, — that can be turned into storage res- 
ervoirs and the country thereby made much more attractive 
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and healthy than it is at the present time. A committee which 
studied the subject for the Water Storage Commission in 1902, 
reported that 20,000,000,000 cubic feet of water could Be stored 
in this region at a cost of $50,000 for dams. The statement does 
not include land damages, and this estimate may be, and prob- 
ably is, far too small. It is true, nevertheless, that there can be 
erected by the State, a series of dams forming reservoirs that 
would yield a large revenue to the State. 

That the iState could build storage reservoirs and not destroy 
the beauty of the mountains and forests, or their value for pleasure 
and health resorts, there can be no doubt. A visit to the camp of 
Hon. Timothy L. Woodruff on the upper waters of Moose river 
will convince the most skeptical that in his treatment of the 
boundary of the reservoir, made by building a dam about 400 
feet long and 25 feet high, he has been aible to turn the low and 
unsightly lands into an attractive and beautiful lake. With like 
treatment by the State and proper regulations prohibiting the 
drawing of the water below a fixed level, the State can turn the 
swamp and lowlands along the Raquette river into charming 
lakes, which will give the State a steady income above the ex- 
pense of maintenance and interest charge; besides increasing the 
commercial prosperity of the portion of northern IS'ew York 
traversed by that river. 

The details of developing power by means of storage reser- 
voirs upon this river have not been worked out, but will be taken 
up in the future work of this Commission. 

Delaware Eivek. 

Since the commencement of the work of investigation under 
chapter 569 of the Laws of 1907, the attention of the Commission 
has been directed to the possibilities of power development on 
the Delaware river and the necessity of flood prevention thereon. 

Communications and many petitions from local village offi- 
cials and power users have been received, praying, in accordance 
with the provision of section 2 of the law, for the development of 
the water powers of this important stream, and asking that this 
water-shed be included in the studies of the Commission. Owing 
to the necessity of concentrating its preliminary efforts on the 
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two streams already selected for expository treatment, the Com- 
mission is able at this time to present only a cursory summary of 
the conditions along the Delaware. Such a first glance is proof, 
however, of the importance of the stream in any general scheme 
of power development and the necessity of carrying on more de- 
tailed investigations in that region. 

The river rises at an altitude of 1,800 feet and with its two 
branches has a length of 105 miles in river flow in New York 
State and a drainage area therein of 2,570 square miles. It has 
an average fall within the State of seven feet to the mile and at 
Port Jervis, where it leaves New York, it exceeds in volume the 
Mohawk at its mouth and the Hudson at Schuylerville. 

Since 1880 when there were 276 water powers in use on this 
river there has been a steady decrease in their num/ber, which is 
keenly felt by property owners along the river. It is plain there- 
fore that in any comprehensive plan of power development by the 
State the Delaware must be considered. 

Plans have been proposed by interested persons for the storage 
and control of its waters by the erection of a series of dams which 
shall hold at leasf 26 billion cubic feet of water. These plans 
contprnplate about 40 reservoirs, and also a series of river basins 
in the stream itself, each from 5 to 10 miles long. By so equal- 
izing the river flow it is claimed that this project will secure safe 
and advantageous power development, and in addition will con- 
vert the region into a beautiful and attractive pleasure resort and 
greatly increase land values. 

Without a careful survey and study of the river and ita possi- 
bilities, the Commission cannot commit itself to any special plan 
of development, but the subject will be taken up and carefully 
considered in the future work of the Commission. It has under 
contemplation the advisability of having a conference upon the 
subject of water storage with the representatives of the States of 
New Jersey and Pennsylvania, in which States Commissions with' 
powers similar to our own have been created. 
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A Stats Policy of Wateb Power Development. 

In the year 1885 the State of New York originated a policy 
of forest preservation, since which time interest in this subject 
has been steadily growing. Up to 1894, in addition to the ao- 
quisition of lands purchased by tax sale, in the Adirondack and 
Catskill mountains, only $25,000 had been expended by the State 
in purchasing forest lands, yet the acreage under State owner* 
ship had increased from 685,259 in 1885 to 713,806 in 1894. 
So great was 'the interest in forest preservation and water con- 
servation, and so audacious the greed of private individuals and 
corporations to get control of these natural resources, that the 
Constitutional Convention of 1894 unanimously adopted the 
overture amending the Constitution of the State so as to preserve 
the lands purchased by the State in their wild condition. Since 
the adoption of the Constitutional provision prohibiting the 
cutting of timber and the destruction of the forests on State 
lands, the Legislature, by liberal appropriations amounting to 
$3,850,000, has made large additions to the State holdings in the 
Adirondack and Catskill mountains, increasing the total acreage 
to 1,518,450 .on January 1, 1908. 

These large sums have been appropriated for the l)enefit of the 
people of the State. Had this policy been adopted before private 
interest had acquired vast tracts of land in the mountains and 
devastated them by cutting and destroying the growing timber, 
millions of dollars would have been saved to the people. 

There are at this time opportunities for the State to acquire at 
a minimum cost the necessary lands and rights for the construc- 
tion of large storage dams for the control of flood waters, and 
for the development of water powers, which can be made to 
yield generous returns to the people, if built, developed and con- 
trolled by the State; but these same lands and rights will in a 
short time, like our forests, rapidly increase in price in the 
hands of private and corporate ownership. These valuable sites, 
like all natural resources, where nature has stored up immense' 
treasure, grow more valuable each year as population becomes 
denser and the demand for their use increases. 

We have only to look across our northern border to the Do- 
minion of Canada to see how our mistakes in allowing private 
interests to acquire natural resources have been avoided by the 
statesmanship of the dominion government. Another lesson may 
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be learned from the policy of the Federal government in obtain- 
ing a revenue from the national forests. 

A series of reports by the Hydro-Eltctric Power Commission 
of the Province of Ontario, show that a large saving to the users 
of heat, light and power can be obtained by utilizing water power 
instead of coal for these purposes. These reports to the dominion 
government were followed by the creation of a commission given 
authority among other things to expropriate the lands and water 
rights of power companies when in its opinion it would be for the 
interest of the people or of any community to do so. This statute 
of our neighbor is an evidence of its determination to preserve 
for the Canadian government these natural resources which will 
increase its annual income. 

The increase in the revenue of the national government from 
the national forests was " more than 2,000 per cent, in the past 
two years, and one and one-half million dollars above the cost of 
administration." While we cannot hope that by the storage of 
flood waters the income of our State will increase with such rapid 
strides, it surely will be augmented at a. rate that will astonish 
the average person and justify the estimates of economists who 
have given thoughtful attention to the subject. We are a grow- 
ing people — the stream of water that will furnish a safe horse 
power of energy at a minimum cost has a definite value, and that 
value in a few years will increase. Shall we permit such sources 
of public profit to pass entirely from the control of the State ? 

Single interests which have studied the subject and become 
familiar with the value of water rights and the economy of 
water over steam, and who look only to private gain, may and 
probably will raise objections to any action on the part of the 
State toward the ownership of water power rights. It is clear, 
however, that individuals cannot economically develop the water 
power within this State and the opportunity for the State to do 
so should not be defeated by the determination of a few intent 
upon amassing fortunes and creating monopolies. Such pur- 
poses must yield to that broad policy which will most evenly and 
justly distribute the wealth of the State. 

To acquire the dam sites and flowage rights on the large 
streams and begin the systematic building of storage dams at 
such places as will most quickly earn a revenue that will repay 
to the State the cost of acquiring such rights and of the necessary 
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construction seems to the Commission to ibe the plain duty of the ' 

State. 

There are obstacles to such an enterprise, but they are not 
insurmountable. 

In the area proposed to be flooded above the Sacandaga dam 
at Conklingville, there are about one hundred acres of forest pre- | 

serve land. Thfe execution of this project will therefore require 
an amendment to the State Constitution respecting the flooding | 

of State lands. The same is true of other available locations for i 

storage dam sites in the Adirondack mountains. In each in- ' 

stance the area of State land that would be flooded is small. i 

An amendment to the Constitution that will permit the State to i 

clear and flood State lands only where it shall be necessary to | 

build storage dams in the interests of the people of the State | 

and for a State revenue, these dams and reservoirs to be owned I 

and controlled by the State, would be required to meet the ex- | 

igencies of the situation. It is for the people of the State to 
decide, in view of all the facts, as to the expediency of such action. 
Finally, the studies and investigations of this Commission 
have already been carried far enough to make it appear probable 
that it can, with the aid of the Legislature, construct a dam upon 
the Sacandaga river at or near Conklingville in Saratoga county 
and enter into contracts with reliable property owners on the 
Hudson river that will pay the interest on the bonds to cover 
cost of construction, create a sinking fund that will in a reason- 
able time retire such bonds and return a handsome annual in- 
come to the State. The revenue from this new source, it is con- 
fidently predicted, will steadily increase to an amount that will 
lead the people to regret the early policy of the State in allowing 
its great natural water power advantages to be acquired by private 
interests. 

The report of our consulting engineer, John R. Freeman, and , 

his assistants, accompanied with maps, plans and data, follows. 

Respectfully submitted, I 

, HENRY H. PERSOIfS, President | 

CHARLES DAVIS, 

JOHN A. SLEICHER, 

ERNST J. LEDERLE, 

MILD M. ACKER, 
February 1, 1908. . State Water Supply Commission. 
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REPORT OF JOHN R. FREEMAN, CONSULTINO ENGINEER. 

Jamiary 31, 1908. 
To the Siate Water Supply Commission: 

Gentlemen. — On August 6, 1907, under your direction, I 
began engineering studies pursuant to chapter 569, acts of 1907, 
which became a law on July 12th and is popularly known as the 
Fuller bill.* This act requires a report of progress on or before 
February 1, 1908, and I have the honor to present one as follows : 

My engagement was to supervise the organization and early 
progress of the work, and terminates on January 31st, the pressure 
of other work preventing my continuing. I will therefore 
report in much detail, in order that the reasons for the several 
studies begun may be made dear, and that the information ob- 
tained and the methods employed may be matters of record. 

After a careful review of the specifications of the act, and a 
study of the topographic maps of the State and of sundry reports 
upon water power and water storage in the State of New York 
that have been published in previous years by the United States 
census, the United States Geological Survey, the New York Water 
Storage Commission and the State Engineer, it appeared to me 
best to concentrate the work upon the one or two large projects 
which after a review of sundry sites seemed to present the best 
opportunities for water power development under State control, 
rather than to spread the appropriation thinly over so broad a 
field of investigation that no conclusion could be reached on any 
one project. 

One of these sites selected for investigation is located on the 
Sacandaga river near the point where it empties into the Hudson 
at Hadley, about forty-five miles northerly from Albany. This 
site promised the best opportunity of any found for the construc- 

♦See Appendix D Below. 



h 



?2 State Water Supply Commission. 

tion of a great storage reservoir for regulating the flow of the 
Hudson river for the benefit of the thirteen water power sites 
already established between Troy and Corinth, which have an 
• aggregate fall of about three hundred and eighty feet. It would 
more than double their present power in time of drought and add 
upward of 70,000 horse power to the water power commercially 
available at these several sites already utilized upon the Hudson. 

It also promised an opportunity for building later a power 
house in connection with its dam site, where the yield, if drawn 
at a constant unifiorm rate twenty-four hours per day and seven 
days in the week throughout the year, would give 25,000 to 30,000 
horse power measured on the turbine shaft, or if distributed 
mainly in ordinary working hours^ or under a 40 per cent, load 
factor, would deliver at Albany or elsewhere as needed within a 
radius of fifty miles, from 50,000 to 60,000 electrical horse power 
measured at the consumers' end, throughout even the dry est year. 

The Sacandaga reservoir site also promised much more benefit 
than any other in the way of water supply for an enlarged Cham- 
plain canal, and for aiding in the increase of the mid-summer 
depth for navigation below Troy and for improving the quality 
of the water where taken for domestic purposes as far down as 
Poughkeepsie, by reason of the greater flow and the dilution in 
fiUJnmer of the impurities that come from the sewers of the 
towns above. 

Requests were soon received from the supervisors of Monroe 
county that a part of our work be devoted towards studying their 
problems of water storage for flood relief at Rochester and in the 
valley aJbove it and of a power development in connection there- 
with, which should help carry the expense. 

Pour topographic survey parties and one party for precise 
bench levels were organized as rapidly as possible for the upper 
Hudson and Sacandaga studies, under the general supervision 
of Mr. Horace Ropes, an engineer of wide experience in hydraulic 
construction, but it proved impossible to get our survey parties 
well at work until about Oct. 1st, because of delays resulting 
from the scarcity of good men under the exceptional industrial 
activity then prevailing, the lack of instruments and an unusual 
amount of rainy weather. 
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A.TL additional topographic party waa organized in October for 
tlie Genesee river studies under the general supervision of Mr. 
W" alter M^OuUoh, the engineer permanently employed by your 
Board. 

The four months intervening between Oct. 1st and Jan. Slfit 
have obviously given insufficient time to accomplish work which 
Tiiight well occupy a year. 

Work on test pits and borings at the dam sites, for proving the 

depth to ledge and the character of the substrata, have suffered 

from causes of delay which are not uncommon, and I am, there 

fore, unable to present final designs and estimates of cost with 

such fulness of detail as I would like, especially because of the 

test borings completed being much fewer than necessary. 

Pinal jind positive statements regarding the feasibility and 
cost of the two main projects studied are not warranted at this 
time, but it can at least be said that no insurmountable obstacle 
to either the Sacandaga dam site or the Portage dam site has yet 
been found, and that the outlook for both is very hopeful and 
abundantly warrants an expenditure for further study. 
In brief, the work accomplished is as follows : 

Stream Flow Division. 

1. Studies of all known records of the rainfall in the Adiron- 
dack region, and also upon the headwaters of the Grenesee region, 
have -been made with a view to determining the frequency and 
range of years of exceptionally small rainfall and with a view to 
learning if the storage must be planned to provide against greater 
droughts than those which have occurred in the period since ac- 
curate daily gagings of the river flow began. 

Diagrams presenting these facts are submitted. 

2. A tour of inspection of all known Adirondack rain-gage 
stations was made, and sketches made of surroundings of each 
gage, and an attempt to discover if some were less worthy of 
credence than others in making up the average. 

•Six additional rain-gages have been set in the Adirondack 
region in districts not well covered by the previous records, and 
continuous gagings of rain and snow-falls and daily maximum 
aad minimum temperatures at these stations are being maintained. 

2 
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Delay in receipt of instrmnents prevented beginning the 
measurements in season for study of the distribution of the ro- 
markably abundant rainfall of last September. Records of thLxs 
kind must be contiiiued for several years before they become 
of much value. 

3. Two series of comparisons have been begun between rain- 
gages of types used many years ago in making the early records 
and the standard type of rain-gage used to-day, with a view to 
learning if the early records are fairly comparable with the late 
records, or what correction should be added to make them so. 
One set of these observations is being carried on at Cornell Uni- ' 
versity, the other set at the Clarkson Memorial Institute at Pots- 
dam, N. Y. At least a year's record will be needed before any 
conclusive results will be obtained. Several years of comparison 
is desirable. 

4. The average normal annual rainfall for both the upper 
Hudson and the Genesee regions has been determined and isohye- 
tal maps (plates 10 and 19) prepared, and the facts that the rain- 
fall is decidedly larger at the head waters of both streams, than 
for their drainage areas as a whole, have been fully established, 
and until in course of time additional rainfall records become 
available, this branch of the study is complete. 

From this larger rainfall of the Sacandaga, the run-off per 
square mile is probably 15 per cent, larger than for whole of the 
Hudson drainage above Mechanicville, and the run-off of the 
Genesee dainage area above Portage, although less precisely de- 
termined, is probably at least 12 per cent, larger per square mile 
than for the entire Genesee above Rochester. 

5. A review and comparison of all published gagings of the 
flow of the several tributaries of the upper Hudson has been made. 

6. A series of daily river gagings on the more important tribu- 
taries of the Hudson, viz. — at three points on the Sacandaga, at 
two points on the upper Hudson and at one point on the Schroon, 
has been begun in co-operation with the United States Geological 
Survey, the observers being paid from the funds provided under 
the Puller bill. 

These observations have beeen carried on continuously since 
about Sept. 1st and fortunately were begun just before the close 
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^ of a remarkably severe drought. They are for the purpose of 

showing the relative yield per square mile of the different tribu- 
^' * taries and for comparison with the long established gagings of 

'- the flow of the whole river at Mechanicville. 

7. New measurements have been made of the present diversion 
- of water into the Champlain canal, and the compensation neces- 
sary on this account for correcting the records of the Hudson 
river's daily flow past the gaging stations ait Fort Edward and 
Mechanicville has been determined and a corrected record 
prepared. 

Eecords of the storage control of Indian lake have been worked 
up as well as the crude data available will permit, in order to 
show just what effect the large dam built here in 1899 with the 
co-operation of the State, has had in reinforcing the low water 
flow of the Hudson. 

8. The amount of storage required for permanently rjBgulating 
flow of the upper Hudson river in general and that of the Sacan- 
daga tributary in particular, has been estimated in great detail, so 
that the yield from the proposed storage reservoir and its effect 
in adding to the low water flow of the Hudson can now be pre- 
dicted with all the precision and certainty necessary for water 
power studies. 

Diagrams have been completed showing the volume of the 
Sacandaga flow that can be safely relied upon for power in the 
severest drought, corresponding to various given amounts of stor- 
age; also diagrams showing the reservoir depletion that would 
have occurred year by year with the proposed rate of draft and 
the proposed volume of storage. 

Sacandaga Survey Division. 

9. A general system of triangulation over the entire territory 
was established, and the several partial surveys have all been 
reduced to one rectangular co-ordinate system, and mapped in 
accordance therewith. The geodetic connection of this co-ordinate 
system to the primary points of the State survey or to the precise 
latitude and longitude have not yet been made, because of requir- 
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ing a resetting of signals on distant summits and because of inter- 
mediate triangiilation being necessary to get up out of the valley so 
as to see them. The effort has been to leave maps and records 
in such shape, that any future engineer can pick up station points 
and extend or amplify the work. 

10. iContour maps on a scale of 100 feet to the inch have been 
prepared for each one of the thirteen villages, large and small, 
near to or within the site of the proposed great storage reservoir.* 

These maps show the location of substantially every house in 
each village, and how near it would be approached by the water's 
edge with flow lines of various elevations. The purposes of these 
maps are to show the highest admissible elevation of flow line for 
the great reservoir, and to give an accurate idea of the disturb- 
ance or damage that would be caused. 

11. General topographic maps on a scale of 400 feet to the 
inch, with contour interval of five feet, have been prepared, em- 
bracing substantially the entire territory of about fifty square 
miles comprised by the proposed reservoir and its margins. These 
sheets, of standard size, 26 x 38 inches, were pantographed down 
from our survey plottings made on large sheets on a scale of 100 
feet to the inch. 

For that portion of the reservoir site lying below an elevation 
of 740 feet above sea, we obtained much aid in our map making 
from a very good set of land boundary maps with elevations, made 
by the Hudson River Power Company, of which maps, the presi- 
dent of the company, Mr. Eugene M. Ashley, kindly permitted 
us to make copies. 

Time has failed for the completion of the full topographic 
work. Several gaps are left in the survey around the reservoir 
margin in localities of little importance, or where thick woods 
interfered with rapid progress; but out of more than 100 miles 
of margin probably less than ten miles is unfinished, and a recon- 
noissance has been made in these gaps sufficient to show the lay 
of the land. 

12. The volumes of the proposed Sacandaga reservoir to vari- 
ous proposed heights of flow line have been determined from the 

• Copies of these maps are inserted at page 356 reduced. 
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contour maps just described, by means of planimeter, and are 
presented in a diagram on plate 3 opposite page 112. 

13. Four alternative sites for the proposed dam near Conlding- 
ville were surveyed and plotted on scale 100 feet to the inch, in 
ordei' that comparative estimates of cost might be made and the 
best one selected. 

At what now appears the best site the river bed is 700 feet 
above sea level and the dam proposed would raise the water about 
fiftyHsix feet above its present level at Conklingville bridge. 

14. A line of topographic survey has been made showing th^ 
elevations and surface characteristics and shaft sites over the tun- 
nel line, neariy three miles in length, between the proposed dam 
and the proposed power house site. Time and means have not 
permitted the making of borings and test pits along this line, 
but no serious obstacle to construction has appeared. 

15. A topographic map of the proposed power house site has 
been prepared showing various alternative locations and ground 
available for a surge tank at lower end of tunnel line. 

16. Surveys with topography and borings along the proposed 
tailrace location about one mile in length following the river have 
been made, with a view to the feasibility of obtaining at a single 
power house the entire fall between the proposed SacandAga reser- 
voir and the ordinary level of the Hudson river at the confluence 
of the Sacandaga at Hadley. 

With a flow line established at an elevation of 770 feet above 
sea, the Hudson being at 548, the ordinary levels in pond and 
tailrace would give a gross fall of about 215 feet and a net work- 
ing fall at medium loads of about 200 feet, or perhaps of only 
170 feet if the deep tailrace proposed proves too expensive. 

17. Five " wash-drill " borings have been made in prospecting 
for the best dam site at Conklingville, and although the deepest 
of these holes bored extended about 175 feet below the present 
level of the river, no 'bed rock under the present river bed was 
reached. Many more borings are needed to develop with absolute 
certainty the character of the substrata at all parts of the dam 
site and to define the precise contour of the ledge at the spillway 
site. 



38 State Wateb Supply Commission. 

The diamond drill borings begun on the up-stream dam site 
on the side of the river nearest to the ledge outcrop have suffered 
from a series of accidents, and the one successful hole now has its 
casing down about 100 feet below the river level without reach- 
ing ledge. 

The substratum that fills the deep preglacial gorge as revealed 
by all these borings is an extremely fine impervious sand, and of 
a character, so far as shown by the borings already made, that will 
serve with entire prudence and safety for the foundation of the 
type and height of dam proposed for this site. 

The type of dam which promises best among those now being 
studied is an extremely thick earth dam to be formed probably by 
hydraulic sluicing, filling the present channel twenty-five feet 
above the full reservoir level, and is combined with a new spill- 
way ehannel over natural ledge off to one side of the present 
river channel. 

During construction, it is proposed to take the river flow 
through a twenty foot tunnel in the ledge and to safeguard 
the partially completed earth work by crib dam such that in the 
chance of a serious freshet while work is in progress, no catas- 
trophe could occur. 

18. Alternative studies have been made along the ledge outr 
crop on two sides of the river for the location of a flood spillway, 
or by-wash, suitable for carrying the entire flow of the river in 
a flood much greater than any known to have ever occurred, and 
while many additional borings would be nodded before prepara- 
tion of final plans, the present outlook is that such a spillway 
over ledge is feasible. Provisional plans for the dam, its spill- 
way and sluices are presented. 

19. For most of the houses within the flow limits of the pro- 
jected -Sacandaga Reservoir, an outline measurement and a brief 
description and estimate of its fair value has been made, and such 
information as was available in the rapid progress of the surveys 
has been obtained bearing on the present fair market value of the 
lands to be flowed. From this brief and somewhat incomplete 
data, an estimate of the real estate damages has been made up. 
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Included in this is an addition of 50 per cent, to the probable 
fair market^ value to cover legal expenses, liberal settlements and 
contingencies. 

In general this land in the territory to be flowed is not fertile, 
the houses are not very valuable and the village of Conklingville 
has been decadent since the loss of its industries, a tannery and 
a wooden ware factory ; the last of which stopped some five years 
or more ago and is in a state of decay. 

It is of interest that a large part of this property, lying 
below contour, 750, was bonded for purchase by the Hudson River 
Power interests within the past two or three years, but a part of 
these bonds, which involved no substantial cash payment, have 
expired recently and have not been renewed. 

20. A partial survey and study has been made for the reloca- 
tion of a portion of the railroad which runs from Gloversville to 
Sacandaga Park near Cranberry creek. 

21. On the Hudson river between Hadley and Luzerne, a dam 
site for the storage reservoir mentioned by Mr. Rafter in the 
Hudson river storage studies of 1895, has been partially surveyed 
and the surrounding topography measured, suflSciently to show 
what houses would be affected and sufficiently to give an ap- 
proximate idea of the capacity of the proposed reservoir. Ex- 
tremely cold weather and deep snow came before the surveys 
of the upper portion of this Hadley Reservoir were completed, 
but it is already plain that its storage volume is only about half 
as great as supposed by Mr. Rafter. (See Sheet 11-B following 
p 156.) 

22. A tour of inspection to learn the characteristics of the 
water-shed, and the character of present forest-cover on character- 
istic portions of the Hudson and Sacandaga water-shed was made, 
on which tour I accompanied a majority of the members of your 
Board and representatives of the power interests located between 
Palmers Falls and Mechanicville. 

We proceeded by rail to North Creek, thence by wagon via 
North river to Indian Lake, and after an inspection of the dam, 
the sluice ways and margins of Indian Lake and the dead woods 
at Lewey Lake, proceeded southwesterly past Mason Lake, across 
to Lake Pleasant, thence around by Rudeston and Piseco Lake. 
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Inspection was made of dam site at head of falls on west branck 
of Sacandaga a mile or more below Piseco outlet, and of an. 
excellent, large reservoir site on the south branch of Sacandaga, 
now mostly swamjy land, extending nearly up to Arietta. Thence 
we proceed to Canada Lake, and thence across to Northville 
via Benson, • 

This tour was through the heart of the Sacandaga water-shed 
and showed a country substantially well forested, which, although 
completely lumjbered over in years past for hemlock, balsam, 
spruce and pine, is to-day largely covered by dense, old growth, 
hard wood and with much new evergreen growth. The hard woods 
cannot be floated down the rivers to the market, and so only the 
soft woods or evergreens have been cut off. 

Everything seen gave evidence that this Sacandaga region is 
the most prolific source of the Hudson, subject to all the benefits 
that forest cover can give. 

Westerly from North River village on the Hudson a few rela- 
tively small areas were noted where hillsides were bare and de- 
nuded, apparently as the result of forest fires long ago, in which 
the spongelike fertile humus had been destroyed. 

23. A tour of inspection was made in September by Mr. Ropes 
and myself along the Schroon river, following the river road from 
the outlet of the lake down to Warrensburg, inspecting the 
Tumblehead Falls site and looking for other possible sites for 
power development. 

It was ai that time hoped to extend the surveys of the present 
season to include the possibilities of large storage on the Schroon. 
The sites for any large power development were not found par- 
ticularly favorable, and the impression was gained that any future 
larger development of Schroon storage could best be used almo€ft 
wholly for the -benefit of the 400 feet of developed fall from Had- 
ley to Troy rather than for local development. 

With the great Sacandaga reservoir built there would probably 
be no need for the storage development on the Schrpon for many 
years. Further surveys and study are necessary before even gen- 
eral conclusions about the reasonable extent of power development 
and of storage development in the Schroon valley can be reached. 
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Genesee Sitbvetb, 

24. On the Gtenesee division, topography surveys have Ifeen 
made of the sites for a dam farther upstream than any heretofore 
proposed, in order to make certain that ^ suitable dam could be 
located entirely above the limits of the tetchworth Park. 

A principal object in all my txenesee studies was to so plan a 
power development as to avoid marring the beautiful scenery of 
the Letchworth Park, and to determine if flood storage and a 
profitable amount of power development under public control 
could be attained and still leave fully as much water flowing over 
the falls in hours of daylight during the summer season as they 
now enjoy. The feasibility of a great power development without 
any serious impairment of the scenic beauty is demonstrated, but 
the questions of profit to the public from sale of power and of flood 
control need further study. 

Surveys have been made for two alternative power house sites 
downstream from, and entirely outside of, the Letchworth Park. 
Topography has also been investigated along a proposed tunnel 
line, and the relocation of the railroad necessary to accommodate 
the proposed new dam site has been made. 

Maps of the sites described in the preceding paragraph have 
been prepared on a scale of 100 feet to the inct, and traced on 
sheets of standard size. 

25. Test borings have been made to determine the character 
of the substrata at various localities in the thinnest portion of 
the natural rim of the proposed great storage basin above Portage. 
Samples have been preserved and submitted to experts for classi- 
fication. A contour map of this debatable ground has been pre- 
pared, also a cross section showing the results of the borings and 
the relation of the clay bank to the proposed water level. 

We find that after penetrating a short distance below the 
present surface and before getting down to the highest water 
level proposed for the reservoir, the substrata are all of an ex- 
tremely fine, compact and impervious material, commonly desig- 
nated by those experienced in test borings as " clay." 

The size of grains in the samples of sand overlying this clay sel- 
dom averages more than a few thousandths of an inch in diame- 
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ter, and in nearly all of the deeper strata the grains are so ex- 
tremely fine as to insure a very high degree of imperviousness. 

While additional surveys and many borings would in natural 
course be made prior to becoming actually committed to the con- 
struction of the proposed dam, the surveys and all borings thus 
far made concur in showing that not the slightest danger of leak- 
age or rupture of this natural embankment is to be feared. At 
its thinnest point it forms a dam about half a mile in thickness 
measured at high water level, composed of extremely impervious 
material. 

26. Outline designs for an arched masonry dam at this new 
Portage site, with a long spillway, have been made, and plans 
prepared sufficient for demonstrating feasibility and for purpose 
of a preliminary estimate of cost; and are submitted herewitL 

27. Outline designs have been prepared for a power-house 
with turbines suitable for regularly supplying about sixty-five 
thousand horse power, working under a maximum head of about 
five hundred and fifty feet and are submitted herewith. 

28. Novel designs for a tall surge tank to be located close 
to the end of the tunnel, for the purpose of relieving momentum 
waves, liable to occur in the exceptionally long water column of 
this tunnel under fiuctuations of the power demand, have been 
worked out, and outline studies of th^ structures are presented. 

29. Time and means have not sufficed for borings along the pro- 
posed tunnel line or at the alternative power sites, but the indi- 
cations of the outcrop are that sound rock, very favorable for 
tunneling, will be found at the low level proposed; neither has 
time permitted a balance to be struck between the merits of the 
two alternative power sites, one having the shorter tunnel, the 
other the greater fall and power. 

In general the best economy is found in concentrating all the 
fall at a single site and in getting the most out of the opportunity. 
The State should be as little wasteful as possible of its natural 
resources; therefore the first attention has been given to the 
lower site. 

30. Following a chance suggestion, said to have been made by 
Lord Kelvin when he inspected the scenery at the Portage Falls, 
to which great importance has been attached by some of the 
Rochester journalists, careful study in the field has been made 
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concerning the feasibility of building a series of small dams and 
small reservoirs on the several tributaries of the Genesee above 
Mount Morris as a substitute for the one great dam and reservoir 
proposed above Portage. 

After a study of the topographic maps and drainage areas a 
reconnoissance was made at each important tributary, to deter- 
mine if conditions for- dam and reservoir building were favorable, 
and what was the largest amount of storage that could be obtained. 
These studies were made under my supervision by an engineer 
of experience in water power development (Mr. George G. Shedd, 
see special reports, page 219) and prove beyond all serious doubt 
or question that the scheme of small reservoirs on tributaries, in 
place of a large reservoir on the main river, is utterly visionary 
and impracticable. 

31. Outside inspection was made of substantially eyery build- 
ing within the district proposed to be flooded by the Portage 
reservoir, with a view to estimating its probable fair market 
value. 

Estimates of probable fair market value have also been made 
for all of the land to be overflowed. The figures thus obtained 
are regarded merely as a basis for a rough preliminary estimate of 
cost of acquiring the reservoir site. Although these figures are* 
believed to average very closely to the real market value, it is 
recognized that costs of condemnation and the generous views 
which prevail in making settlements of this kind tend toward a 
total expense in the acquisition of real estate for reservoir purposes 
that is larger than the prior value. The sum total of the figures- 
obtained as above has, therefore, been increased by 50 per cent., 
to cover legal expenses and other allowances. 

32. As previously indicated, a study has been made of all of 
the long term rainfall records in the vicinity of the upper Genesee, 
with a view to learning if there were other periods when the rain- 
fall and storage requirements were materially different from those 
existing during the period of gagings at Mt. Morris from 1903 
to 1907. 

33. A review of all published gagings of the Genesee river has 
been made and from these has been computed the probable yield 
at the Portage site, and the fluctuations in height of water in the 
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reservoir from month to month under various rates of constant 
draft has also been worked out, so that the margin of uncertainty 
is now small in the amount of power that could be produced at 
Portage and at Rochester from the proposed reservoir. 

34. The records of the destructiv-e Genesee floods have been 
reviewed in connection with a partial study of the restraining 
eflFect upon them of a reservoir used chiefly for water power, but 
to fully work out the Rochester and Genesee flood problem is a 
far larger task than could be brought within the scope of these 
studies of 1907. 

Full Use of the Opportunity. 

At the outset it was determined to give the surveys and first 
studies such scope that the natural resources of each situation 
could be availed of to the greatest possible degree, and if obstacles 
were encountered as the studies progressed, then retrench in the 
design so far as economy might require. 

A Sacandaga reservoir of greater area than any heretofore 
proposed was studied, in order that it might be possible to keep 
the main portion. of the reservoir bed entirely covered by water 
even when drawn to the lowest point t^at the outlet gates would 
permit. 

Since it appeared probable that by raising the flow line to an 
elevation some thirty feet higher than heretofore proposed, the 
artificial lake could be give the semlblance of a natural lake with 
sandy beaches even when at its lowest level, and that it could thus 
be made a beautiful feature in the landscape at all times, and 
since with this greater depth it would never be necessary to uncover 
the present great swamp, risk of the reservoir becoming offensive 
would be avoided ; the first study was directed toward a flow line 
at an elevation of 780 feet above sea, but after a fuller recon- 
noissance on the ground, the lower level of 770 feet was adopted, 
and so far as the present studies have shown, this high level of 770 
feet is feasible, and the reservoir will give all needed storage if 
drawn only down to 740 in the most severe drought of the half 
century, being lowered only about ten feet in years of ordinary 
rainfall. IsTear some of the villages, on certain of the coves that 
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might otherwise have their beds uncovered when reservoir is drawn 
down, low earth dams can be cheaply built for preventing this, if 
found desirable. 

Studies were made for the highest practicable reservoir level 
and for the lowest tail race level and for developing all upon a 
single fall because it appeared desiralble in a project under State 
development to utilize to the utmost the water power that could 
be created, as well as to simplify the problem of future manage- 
ment and number of men required, by concentrating the entire 
fall for use in a single power-house and utilizing for power the 
full head of the lake. The higher the lake level the greater the 
power. 
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EESULTS IN BRIEF. 

Water Power Gained on Hudson River. 

Stating the results of general public interest thus far obtained, 
in briefest possible terms: 

We find it very probable that on the Sacandaga there can be con- 
structed a reservoir which will have at high water an area of 
about 40 square miles, or nearly the area of Lake George. 

This will be so large that the surplus flood waters of years of 
heavy rainfall can be carried over to reinforce the flow of the 
river in years of small rainfall. 

The extreme depth of water at the dam site will be about 60 
feet, and will be about 30 feet when the lake is drawn as low as 
the sluices will permit. . 

In a year of ordinary rainfall the lake would be lowered not 
more than 8 or 10 feet, and in the year of smallest rainfall, such 
as is likely to come olice in, say 20 years, it would ne\er be drawn 
more than 30 feet. The area of the lake when thus drawn to the 
lowest level possible would be about 30 square miles. 

This reservoir, although inside the line of the Forest Preserve 
lands, would be entirely outside the limits of the Adirondack 
Park, and I believe it feasible to so prepare its margins that the 
hills around it will become attractive sites for summer cottages, 
thus leaving the immediate region, after a few years, fully as 
populous and more prosperous than to-day, notwithstanding the 
number of houses that would have to be either submerged or 
removed. 

This Sacandaga reservoir, as soon as built, will add most re- 
markably to the present water resources of the Hudson river by 
the release of its stored waters for use all the way from Corinth to 
Troy; and therefore the expense of construction of the proposed 
Sacandaga power-house, with its expensive tunnel, tailrace and 
electrical transmission lines, can be delayed ag many years after the 
reservoir is built as thought desirable. 

Until the proposed Sacandaga power-house is built, the sluice 
gates on this Sacandaga reservoir would ordinarily be nearly or 
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wholly closed during from four to six months of the year, and 
opened only during those six months of the year in which the flow 
of the Hudson is low. 

I compute that under these circumstances the waters of this 
reservoir alone, with the opening of the gates varied from day 
to day as the varying flow of the main river may call for, would 
reinforce the flow of the main river to such an extent that the dis- 
charge at Mechanicville need never be less than 6,500 cubic feet 
per second where it now sometimes falls as low as 1,600. 

The greatest regulated flow at Mechanicville contemplated in 
Mr. Rafter's studies of 1895, as a result of constructing the whole 
chain of proposed Adirondack reservoirs, was 4,500 cubic feet 
per second, but I find good reasons for believing, as just stated, 
that from this one reservoir of the size now proposed, a much 
better result can be obtained than heretofore hoped for from the 
storage control of all the ponds and lakes on the upper Hudson, 
including the Schroon. 

This Sacandaga reservoir would more than double the present 
water power capacity of each mill site on the river during the two 
months of drought of the average year and would greatly increase 
the value of the undeveloped sites below Spier's Falls, which are 
said to have a fall of about 70t feet. 

The average 24-hour 7-day discharge from this Sacandaga 
reservoir in the dryest month of a year of ordinary rainfall, as 
thus used for storage only, would be about 4,450 cubic feet per 
second, which would add nearly 12-5,000 available horse power 
in the aggregate, at the thirteen developed water-power sites from 
Corinth to Troy, inclusive, and about 20,000 horse power addi- 
tional at the undeveloped sites between Spier's Falls and Glens 
Falls, over and above that which the river now furnishes in a 
similar dry month. Taking the six dryest months of the ordinary 
year, the aggregate in average amount of available power added 
at the several sites during the dry half of the year would be 
about 80,000 horse power of 24-hour 7-day power. 

These are enormous quantities. The total of new power thus 
added at sites on the Hudson is larger than the aggregate water 
powers of Holyoke, Lowell and Lawrence. 
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Two DlPFEBBNT METHODS OB StAGES OP UsB. 

In the early years, this Sacandaga reservoir can be used solely 
for storage for the benefit of the present water powers on the main 
rivfer. In later years, its first and chief use would be for supply- 
ing a new power-house on the outlet from this great artificial lake. 

The greatest good to the development of the State ultimately 
will come not from the use of this reservoir solely for storage in 
the interests of tjie mills on the main river, and care should be 
taken that no prescriptive or contract rights are gained, adverse 
to ultimately taking all the reservoir flow at substantially a uni- 
form rate through the power-house proposed on the Sacandaga. 
Other reservoir sites can be then developed on other tributaries 
of the Hudson, for the sole benefit of the sites below Hadley. 

Whenever it becomes expedient to construct the proposed 
power-house near Hadley, a tunnel about two miles in length will 
have to be built under the mountain, and the down-stream mile 
of the Sacandaga (which is found by our borings to contain no 
ledge), will need to be excavated or dredged for a deep tailrace. 

The Hadley power-house can then use all of this water under 
a head and fall of nearly 200 feet, and with turbines of ordinary 
eflSciency this would yield constantly about 25,000 to 30,000 
horse power on the turbine shaft if drawn at a uniform rate for 
24 hours per day and 7 days in the week throughout the year, but 
as more profitably used, and concentrating a large part of the use 
into the ordinary working hours of the week, with a 40 per cent, 
load factor, loads aggregating upward of 60,000 horse power, as 
measured at the consumers' end, allowing 85 per cent, efficiency 
for electrical conversion and transmission, could be supplied 
throughout a dry year, and transmitted in part for municipal pur- 
poses to Albany, Troy, Cohoes, Saratoga, or any cf the commimi- 
ties within a radius of upward of 5(? miles. 

My own views are that it should be the policy of the State to 
develop new uses or to supply solely public needs at cost, rather 
than to enter into competition with established power plants by 
offering their manufacturing customers lower rates. Temporarily 
with a portion of this power sold to them at wholesale the build- 
ing of the plant proposed would greatly benefit those established 
power plants now suffering a shortage. 
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Near to the power-house, a new industrial community could be 
founded and supplied with a part of this great power, for the total 
of 25,000, or 30,000 horse power of 24-hour power, or 60,000 
horse power in ordinary working hours, just mentioned as avail- 
able at this one power-house, is greater than the aggregate water 
power of Lowell and Holyoke combined. 

The greatest utility to the State would be obtained under a 
system designed to encourage local development of new industrial 
communities, rather than by leasing this power to private corpora- 
tions for the purpose of replacing, because of lower cost, power 
now obtained by the burning of coal. 

For twenty years or more of the immediate future, pending the 
gradual encouragement and development of induatries of the kind 
in which the maximum population per thousand horse power is 
supported, it would be wise for the State to seek markets for the 
surplus portion of this power where it would simply cheapen the 
cost of manufacturing or street railway service or electric light- 
ing by replacing power now derived from burning coal. 

Temporarily perhaps leases might also be made for electrolytic 
or other use consuming large amounts of power ralher than to let 
the water run to waste, but the fixed and plainly expressed policy 
should be to set a time limit to such leases and try to ultimately 
have this poww put to sudi use as will employ in new en'terprises 
as near to this power-house as practicable large numbers of highly 
ddlled operatives. 

Benefits of Sagandaga Poweb Pboject to Existing Wateb 
powebs on the hudson. 

Athough the uniform discharge through the Sacaudaga power- 
house will reinforce the existing* power sites on the Hudson be- 
tween Corinth and Troy and enlarge their capacity to a less extent 
than the intermittent discharge during the first period mentioned, 
when the Sacandaga sluices are closed tight for several months 
in the year and its storage discharged wholly in months of 
drought, the uniform discharge from the proposed power-house 
nevertheless willbe, as already stated, of great benefit in adding 
to the power at all of the sites from Corinth to Troy inclusive. 

For example, in September, 1907, the Sacandaga river in its 
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natural state was delivering only about 130 cubic feet per second 
into the Hudson, whereas with the proposed reservoir built and its 
water used exclusively through the proposed power-house about 
one mile west of Hadley, Ihe corresponding discharge from the 
Sacandaga would be 1,700 cubic feet per second. This additional 
1,570 cubic feet per second of 24-hour flow, for example, on the 
75-ft. drop at Spier's Falls, would add 10,000 horse power of 
24-hour 7-day power. 

An estimate made in much detail from the records of Hudson 
flow during the past 20 years, shows that the aggregate increase 
in power, by the uniform draft through the Sacandaga power- 
house all the way from Corinth to Troy, would average nearly 
22,000 net horse power increase of 24-hour 7-day power on the 
turbine shaft for the six dry months in the year. 

The facilities for building an enormously thick and high earth 
dam here by the hydraulic sluicing method practiced in the West 
apparently give means for abundant safety within limits of 
reasonable cost. 

Should it be deemed after further investiga;tion that so high 
a dam as the one now being studied which would impound 56 ft. 
in depth of water, is not feasible, a lower dam can be adopted 
and a good power and storage proposition still be obtained. And 
while I would not yet undertake to pronounce finally on feasi- 
bili'tiy or cost, I do heartily recommend further investigation. 

I have been unable to find anywhere within the State of K'ew 
York (unless it be at Niagara), another site which promises to 
be so well adapted to development under State ownership and 
control. 

Private interests have for four or five years past been obtain- 
ing property and rights with a/view toward the development of 
this Sacandaga power under much less comprehensive plans than 
those which I have worked out and under conditions which will 
bring far less new power and far less benefit to the State. 

Advantages Given by State Ownership and Conteol. 

The State, obtaining its money by bond issues at less than two- 
thirds the annual charge that a private company has to meet when 
*'he ordinary discount and bonus are recokned in, can afford to 
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expend a part cff this difference in a better preparation of the 
reservoir site and in more ample and permanent structures. 

Moreover, the State can doubtless find means to properly assess 
upon each of the owners of the thirteen or fifteen power sites along 
the Hudson a fair rental value for the increase in flow by which 
the power at each plant would be practically doubled,, while it is 
probably impossible to form a combination of all the mill owners 
in which each would co-operate properly and contribute his fair 
share toward the full success of this large work. 

Again, under private ownership and control- tlie building and 
emptying of the more shallow reservoir proposed, in which vast 
swamp areas would be uncovered at ithe end of a summer drought, 
might be a distinct disadvantage to the surrounding communities 
of Batchellerville, Northville, Northampton, etc.; while on the 
other hand the larger and deeper reservoir proposed to be built by 
the State, with its steeper banks and well prepared bed, with pro- 
jecting stumps removed, and with its sandy beaches, and with its 
sluiceways so arranged that by no possibility could the water be 
drawn so low as to uncover the swamp bottom, would furnish an 
added attraction to these beautiful villages. 

I have no doubt that this great artificial lake could be made 
such an attractive feature in the landscape that summer cottagers 
would seek its shores as they do the shores of Canada Lake near 
Gloversville, or the shores of Sebago Lake in Maine, or Lake 
Winnepiscogee in New Hampshire, both of which have dams at 
their outlets and serve as storage reservoirs for water power. 
Sebago is about 25 per cent, larger than the proposed Sacandaga 
lake, has about half its drainage area, and its extreme rise and fall 
under storage control is about 10 feet. 

In Indian Lake reservoir, built by a corporation understood fto 
comprise in part the same interests that now seek control of the 
Sacandaga, we have an example of methods of clearing a reser- 
voir bed that were regarded by the power interests as satisfactory 
and were a vasit improvement over earlier methods ; yet the pro- 
truding stumps of this reservoir bed are a menace to the safety 
of pleasure boating, and in general appearance when partially 
empty, the bed and margins of Indian Lake are a wretched fail- 
ure in comparison with what might be. 
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Early action by the State ia required lest sfcihis most favorable 
of all present opportunities for the development of a great power 
by the State for public use near populous communities be lost. 

The Immediate Project of Pbivate Development. 

The immediate purpose of the Sacandaga development pro- 
posed by the Hudson Kiver Electric Power Company, which has 
been in part set forth in a recent application to the State Public 
Service Commission for authority to make a bond issue for pur- 
poses of consitruction, is to build a timber dam about 20 feet high 
about four miles farther up the stream than the best dam site. 
This location is adopted in order to avoid flooding small pieces 
of State land comprised in the Forest Preserve. The dam is to 
be kept low to avoid flooding ftihe railroad which runs from 
Gloversville to I^orthville. 

It is proposed for an indefinite period to use the stored water 
solely for increasing the flow of the Hudson at the present mill 
and power sites all the way along from Palmers Falls to Mer 
chanicville, in time of drought. 

For this purpose the sluice gates at the proposed dam would 
probably remain closed during the storage months, from December 
to May or June inclusive, and would be opened only for a total 
of about 100 days, mostly in July, August and September, bu* 
sometimes also opened in case of a winter drought, thus treating 
this storage somewhat according to the methods now followed at 
Indian Lake. 

No prospect of founding a new industrial community is pre- 
sented in this private development. 

Under the Company's plans it is proposed to develop at some 
future time a power-house on the outlet from the proposed Sacan- 
daga reservoir, by means of a secondary dam, located some three 
miles westerly from Hadley and under conditions whereby only 
about half as great a fall would be obtained as under the plans 
which I have submitted for State development. This electrical 
power so developed would presumably nearly all be transmitted to 
Albany and other cities for lease to public service corporations, 
or for taking the place of power otherwise generated from coal. 
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In other words, the principal effect of this second and final 
stage of this private development would be to use this water 
power for replacing power already developed, whereas if developed 
under State control it is proposed that preference should be given, 
by favoring rates, to the local development of new industries and 
to the founding of one or more new industrial communities, thus 
adding far more to the taxable resources of the State. The State 
projecrt being on a larger scale, the ultimate population set at 
iTvork by the Sacandaga water could be of more benefit to the 
State. 

Safety of Tempokabt Sacakdaoa Dak Pboposed bt Hudson 
RrvBB PowsB Ownebs. 

It is worthy of consideration in connection with a proposal to 
• build a temporary, timber overfall-dam, that the river bed at 
Conklingville and below and probably all along for some miles, 
runs over a buried gorge filled more than a hundred feet deep 
with sand, and that this condition in view of the volume stored, 
demands very great precautions in type and foundaition of the 
main dam. I see no reason yet to doubt the possibility of building 
a safe dam, but it cannot properly be a cheap type of dauL The 
United States Census Report of 1880 calls attention to the re- 
peated carrying out of dams on the Sacandaga between Conkling- 
ville and Hadley, because of the sand foundation, and of all 
the various dams and water power developments that have in times 
past existed along this stream, only one remains, and that is 
broken out at one end. 

Genesee Storage and Foweb Incbease. 

The second study, undertaken at the request of the county 
supervisors of Monroe county, relating to the building of a great 
firtorage reservoir on the Genesee above Portage, partly for the 
purpose of flood control, partly for power, where it is found that 
a dam, power-house and all appurtenant works can be built en- 
tirely outside the limits of the park presented to the State by Mr. 
Letchwonth, and without substantial injury to its scenic beauty. 

It appears that after reserving for scenic purposes at the Genesee 
Falls a volume greater than the present midsummer flow, the 
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water stored in this great reservoir in the flood season, eoula 
generate power for electrical transmission sufficient to deliver 
about 32,000 24-hour 7-day horse power throughout the year, or 
about 80,000 horse power if concentrated during ordinary Tvork- 
ing hours with a 40 per cent, load factor, at Rochester, Mt. ATorris 
and other localities in that part of the State, or for establisliiiig' 
a new industrial center in the neighborhood of the power-house, 
beside adding ^at the several water plants now in operation witliixi 
the city of Rochester, an average of about 8,700 24-hour 7-day 
horse power, or about 22,000 horse power if used in ordinary 
working hours under a 40 per cent, load factor during the six dry 
months of the average*year. In the dryest month it would in all 
add to them an average of about 13,500 of 24-hour 7-day horse 
poWer. 

If the dam were built and the power-house with its long tunnel 
and other expensive structures delayed for some years, and the 
reservoir used meanwhile solely for reinforcing the low water 
flow at Rochester for purposes of power development, sewage 
dilution and flood control, it. would add in the dryest month of 
the average year nearly 32,000 horse power of 34-hour power at 
the existing developed power sites, and the average addition dur- 
ing the six dry months of the average year would be nearly 20,000 
horse power of 24-hour power, which if used mainly in working 
hours, or under 40 per cent, load factor, would add about 50,000 
horse power. 

Peomising Sites N'ot Yet Studied. 

Elsewhere than upon the Sacandaga and the Genesee, there 
are many inviting opportunities for investigations. The sites 
for water storage for power upon the Raquette river, the Black 
river, the Oswego river and certain other Adirondack streams give 
promise of developments that would add greatly to the resources of 
the State, and the Sacandaga is only one of several great reservoir 
sites on the Hudson which are each well worthy of development 
for increasing the power at the present dams, all the way from 
Palmer's Falls to Troy. At the heads of the " Finger Lakes " and 
on the tributaries of the Delaware, there are said to be opportuni- 
ties well worth investigating. 
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Possible Better Use of the Nhlgara Resources. 

Niagara, too, offers a most important field for further investi- 
gation. While for the time being a halt has been called in th6 di- 
version of water from Xiagara, the Canadian power movement ap- 
pears to be gaining such strength and to be obtaining such a hold 
on public sentiment, that it is not improbable that further de- 
velopments will come, and that each further diversion for power 
upon the Canadian side will prompt a corresponding diversion 
upon the American side. 

It is proper that the people of 'New York should have available 
for reference a broad impartial study of the Niagara situation, 
with designs for obtaining the utmost value from each gallon of 
water diverted and for combining benefits to navigation with 
benefits from power transmission, rather than that projects of 
further development should be left wholly to questions of first 
cost, or to convenience or caprice of private parties, or that con- 
trol should follow the chance ownership of lands along the line 
of development. 

At certain of the recent Niagara power plants, nearly half of 
the total fall available between the head of the falls and Lewis- 
ton is wasted, and a given quantity of water, therefore, performs 
only half the work that it might perform. Under commercial 
conditions, it has been necessary to obtain the quickest p<^£sible 
return for the smallest immediate outlay. 

A reconnoissance indicates that it is entirely feasible to make 
all further power developments at Niagara part of a more com- 
prehensive plan in which deep draft steamship uavigation on 
American territory should be provided for through a great power 
canal that would permit the water for power to be utilized under 
substantially the entire fall of 316 feet. 

This can be worked out in entire harmony with and be help- 
ful toward the development of the proposed deep waterway from 
the great lakes to the ocean by way of the Hudson and New York 
citv. 
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DETAILS or WOEK OF 1907. 



In the following pages the work and the results outlined in the 
foregoing pages in a non-technical way, will be described more 
fully from the technical standpoint, giving some of the reasons 
that governed the selection of the specific lines of study, but 
stating all as briefly as clearness and proper record for the use 
of those who follow in the work will allow. 

Scope of Invkstigatiois^. 

In brief, chapter 569 of the Laws of 1907 directs that the State 
Water Supply Commission " at once proceed to collect informa- 
tion relating to the water powers of the State," and to " devise 
plans for the progressive development of the water powers of the 
State under Statp ownership, control and maintenance, for th.^ 
public use and benefit and for the increase of the public revenue." 

Two lines of inquiry are ordered, the first relating to the feasi- 
bility and cost of specific projects; the second relating to the 
broad general subject of State water power development, includ- 
ing a financial plan and the draft of a bill for carrying the final 
recommendations into effect, " in order that the Legislature and 
the people may have before them at once the most complete and 
comprehensive statement of the possibilities of the water power 
of the State." 

The Commission is required to designate which work of de- 
velopment should be first undertaken and which thereafter. 

The meaning of the term " the water powers of the State " is 
ambiguous. In a broad sense, it may mean all undeveloped power 
sites within the borders of the State, or in a more restricted sense 
may mean those undeveloped water powers, where either the water 
rights, or the site, or both, are now owned by the State. From 
a study of the antecedents of the bill, there can be no doubt that 
the undeveloped storage reservoir sites, lying within the State 
lands of the Adirondack Forest Reserve, and available for increas- 
ing the water power of the Hudson river were also included under 
this term. 
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This act I^ck 569, 1907, also provides that study may be given 
to plaais for the development of " sudi other water powers " as 
may be brought to the attention of the Commission by the mayor 
of a city, or other chief mimicipal officer. 

• That a good degree of thoroughness ai^d precision was contem- 
plated by the act is shown by the specification in section 4 of the 
act, that reservoir storage capacities in cubic feet be ascertained, 
that the rainfall recorded on the watershed be reported, and that 
maximum average and minimum flow of the stream for each 
month of the year at any proposed dam, be ascertained in cubic 
feet per second. The act moreover calls for statements of the 
amount of power that could be developed, the probability of sell- 
ing it, the probable gross and net revenues, the cost of structures, 
lands and riparian rights, etc., and in section 8, it is specified 
that ^^All final surveys, plans maps, calculations and estimates 
made pursuant to the provisions of ibis act shall be made with the 
same accuracy that would be requisite if the work and project so 
surveyed had been ordered to be done." So far as this work has yet 
been carried, I have sought to comply with this specification. 

Por carrying out the investigations thus specified, the sum of 
$35,000 was appropriated, and a date was suggested for presenta- 
tion of the final report only eighteen months subsequent to the 
date when the bill became a law. 

For such broad scope and great thoroughness as are thus speci- 
fied in the act, the appropriation was insufficient and the time too 
short. The entire appropriation and the entire time allowed are 
smaller than I have sometimes found it necessary to expend on 
the surveys and studies for a single project of water power 
development before those financially interested were ready to 
decide upon actual construction. 

Stiream gagings, test pits, borings and accurate surveys are 
all very expensive and without them the quantity of water power 
and the cost of reservoir building cannot be accurately foretold. 

Thenefore, my first work was to review the field with much 
car© and to select a small portion of the work evidently contem- 
plated by the legislative act, such that while complying in thor- 
ou^mess of investigation with the plain requirement of the law 
as far as the appropriation would allow, and keeping strictly 
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within its limts of time and funds, the facts learned would best 
illustrate the general subject and present to the Legislature and 
to the people of the State in the progress report specified for 
February 1, 1908, the greatest possible amount of information 
upon the possibilities of water power development under State 
control. 

It has seemed best to carry on this work of investigation vigors 
ously while the funds lasted and thus to secure for presentation a 
year earlier than otherwise, the important facts regarding two 
or three of the subjects of greatest interest. 

Antecedents of the Fulleb Bill. 

In deciding upon the precise scope of the work to be first un- 
dertaken, it appeared necessary to consider a little the history of 
events leading to the legislative act under which we were working. 

In the message of Governor Hughes, preaented to the Legisla- 
lature on January 2, 1907, under the topic Forest Preserves and 
Water Powers, after speaking of the further acquiring of forest 
tracts, he said: 

^^ In this connection it is well to consider the great value 
of the Water Powers thus placed under State control. They 
should be preserved and held for the benefit of all the people 
and should not be surrendered to private interests. It would 
be difficult to exaggerate the advantages which may ulti- 
mately accrue from these great resources of power if the 
common right is duly safeguarded." 

He said further, in relation to the work of the State Water 
Supply Commission: 

" It remains to be considered whether it is not advisable 
to provide a more comprehensive plan embracing in a clearly 
defined way the matter of water storage and the use of water 
courses for purposes of power. The entire question of the 
relation of the State to its waters demands more careful 
attention than it has hitherto received, in order that there 
may be an adequate scheme of just regulations for the public 
benefit." 
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The response of the Legislature to this suggestion by the Gov- 
ernor, and to the protests urged by the Association for the Preser- 
vation of the Adirondacks against indiscriminate reservoir con- 
struction, is found in the Fuller Bill. 

The Hudson's Ikbegulae Flow, and the Adieondack Stobaoe 

Possibilities. 

It has long been recognized that the magnificent water power 
sites along the upper Hudson river at Hadley, Palmer's Falls, 
Glens Falls, Fort Edward, Sandy Hill and MechanicvJUe, all fall 
far short of their possible utility by reason of the extremely small 
flow of the river during the droughts of summer, and its small 
flow when the brooks that feed the river are icebound. 

This undesirable irregularity in flow of the Hudson and certain 
other streams of Northern New York, has retarded their employ- 
ment in the finer and more expensive mechanical processes such 
as textile manufacture and the other uses found along the Merri- 
mac and other New England streams where storage has more 
generally been provided, and which finer manufacturing processes 
attract and support much larger industrial populations per horse 
power than the processes of pulp grinding and paper making, 
for which the Hudson water power continues to be chiefly used. 
Perhaps in the long run even the paper industry cannot hold its 
own in this locality against the lessening supply of pulp wood 
within convenient reach, if continuing handicapped by irregular 
power, or by the cost of making the supply of power regular by 
means of steam. 

Storage reservoirs on the Hudson's head waters, supplying 
more uniform flow of water at the present industrial centers will 
surely add to their present development, and will in time tend to 
bring in new uses, supporting larger populations. 

Until about twenty-five years ago lumbering had been the 
chief industry that called for water development on the Hudson 
above Troy; and saw^mills require cheap power and cannot afford 
large expenditures per horse power in power development. Pulp 
mills, which followed, are but a refinement of lumbering, and also 
call for cheap power; and so until recent years the plea for 
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storage reservoirs has been based largely on the groimd of the 
improvement in navigation that it was believed vironld result from 
reservoir building. 

Keview of Peevious Investigations. 

While organizing our survey parties and planning their work, a 
review was made of all previously published reports that it was 
thought were likely to present information useful in the present 
investigation. A brief abstract of the data found in these reports 
that are of special interest in the present study, is given below, 
both for data itself and for the purpose of making the reasons 
for our present lines of enquiry more clear. It appears to be a 
popular belief that most of the possible Adirondack reservoir sites 
have been already studied with a fair degree of thoroughness. 

The McEleoy Report of 1867. 

The report made to the 'N. Y. Canal Board relating to a 
survey of the Hudson river to Fort Edward, etc, and trans- 
mitted to the Senate, February 15, 1867, contains many interest- 
ing facts regarding possible improvements for the benefit of the 
navigation of the upper Hudson and some brief allusions to the 
water power that could be gained incidentally thereto, but it is 
plain that the attention- at that time was focussed mainly upon 
navigation, and we find little data on storage or power develop- 
ment in this report which has not been replaced by later and more 
complete information. Mr. McElroy called attention to the great 
damage along the Hudson from floods and recommended surveys 
for storage reservoirs for flood relief and briefly called attention 
to their value for water power. 

Adieondack Storage Eepobt of 1874. 

In the annual report of the Canal Commissioners of the State 
of New York for the fiscal year ending September 30, 1874 (p. 
83), Farrand N". Benedict, C. E., formerly professor of mathe- 
matics and engineering in the University of Vermont, acting 
under authority of legislative act of April, 1874, presented a very 
interesting report upon the regulation of the flow of the Hudson 
by means of great storage reservoirs proposed to be constructed 
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in ilie AdirondackB, and presented brief descriptions and rongh 
estimates of cost of developing these very remarkable sites. 

He describes the survey as made ** with reference to increasing 
the supply of water for the Champlain canal and improving the 
navigation of the Hudson river." 

Prof. Benedict describes his *' survey " as " more properly a 
reconnoissance," and a study of his report shows plainly that it 
was hurried and was very far from exhaustive or complete. The 
extent of the work by the parties under his supervsion was mainly 
confined to visiting each of the considerable Adirondack lakes, so 
far as time allowed ; selecting by surface inspection the most elig- 
ible sites for dams, determining by hasty methods the area of those 
lakes which it was proposed to utilize for storage, to measuring 
the height and width of the cross-section of the valley at the 
proposed dam sites, and to running a few lines of levels connect- 
ing with levels previously run for railroad or other purposes, in 
order to determine the elevation and flow line of some of the 
proposed reservoirs. He compiled data from sundry previous 
surveys and says that his work was greatly facilitated by previous 
familiarity with the rogion, without which he could not have 
covered nearly so much ground with the time and means at his 
disposal. 

His proposed dams were to be of log cribs packed with stone 
without cement, of about the same general type as commonly 
built by lumbermen, and were of a design far cheaper and far 
less durable than would today be- demanded, particularly in work 
to be built by the State. His approximation from scant data to 
the annual depth of rainfall and runoff available for filling these 
reservoirs was shown by the more complete later records to have 
been much too large. 

Prof. Benedict recommended cutting the timber on the reservoir 
sites before flooding, but in those days apparently little thought 
was given to such thorough clearing of the reservoir sites by re- 
moving dead timber and stumps as the public interest now de- 
mands, and no recommendation was made for preserving sanitary 
and cheerful conditions by reserving a depth below the drain 
gate level sufficient to keep any swampy portions of the bed of the 
basin always covered by water. 
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It may be regarded as on the whole fortunate for the public 
that no authority was given for construction on these crude plans 
and according to the standards of those early days, and- fortunate 
that but a small amount of large reservoir construction was under- 
taken in the years immediately following this report and before 
public sentiment had been aroused against the old time methods 
of reservoir building in the forest. 

Considering the brief time and scant funds at his disposal Prof. 
Benedict collected a large amount of very interesting information 
' He says in his report : " To make these determinations satis- 
factorily demanded an amount of time and means far beyond that 
authorized by the act of the Legislature ;" and he also says of his 
work of demonstrating these great opportunities for water storage, 
that " he had confidence that enough of the subject could be de- 
' veloped to show its vital importance and its true relation to the 
public interests." 

A table summarizing the results of Prof. Benedict's investiga- 
tion on the Hudson headwaters above Indian river is presented 
on the following page. In reviewing this, it should be borne in 
mind that he found part of his estimated storage for increasing 
the flow of the Hudson river by diverting into the Hudson drain- 
age water naturally tributary to the Raquette river, in a way 
that would not be feasible in view of the present large water 
power developments upon the Eaquette. 

From all of these 28 ponds above Indian river, he estimated 
only about 18.4 billion cubic feet of storage, including about 12 
billion cubic feet proposed to be diverted from the Raquette into 
the Hudson. All of those proposed hy Prof. Benedict ori the 
Hudson above Indian River give only about 6 billion cubic feet. 

ITote the small depth of most of the reservoirs and the small 
cost estimated for the several dams in the following table. 

It should also be noted that the Benedict reservoirs reported 
in the following, all lie upstream from Indian river, and that 
the reservoirs reported upon by Mr. Rafter in 1895-6, all lie on 
tributaries entering below Indian river. 

Prof. Benedict also submitted some notes on reservoir sites 
below Indian river, particularly within the Schroon. drainage, 
which are not reproduced here because data on these appears more 
fully given in the Rafter report of 1895. 
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Rematcks on Psecedikq Table. 
(From Census Report.) 

Blue Mountain Lake. — ReBeiroir include^ the three lakes, TTtowana, Ea^^le, and 
Blue Mountain; lies naturally In Raquette Basin, but Tia Long kalse can be di- 
verted to the upper Hudson. Estimated that winter and spring drainage would 
fill reservoir 1.87 time. 

Raquette Lake. — Waters proposed to be diverted from Raquette river to Hudson. 
Estimated that winter and spring drainage will fill reservoir 1.87 time. 

Forked Lake. — Waters to be diverted from Raquette to Hudson. Intimated 
that winter and spring drainage will fill reservoir 8.6 times. 

Beach'8 Lake. — Tributary to Forked lake. Estimated that winter and spring 
drainage will fill reservoir 1.88 time. 

Long Lake. — This lake naturally drains through the Raquette river, but, by 
cutting a canal across a low divide, can be connected with Round pond, and thus 
be made tributary' to the Hudson. Estimated cost of bulkhead, canal, and outlet 
through slough at foot of lake, 1154,000. Estimated that winter and spring 
drainage will fill reservoir 1.05C time. 

Round Pond. — From Round pond to Gatlln lake there is a fall of 35 leet in 
about 4,000 feet. 

CatUn Lake. — Estimated . that winter and spring drainage will fill reservoir 
2.1 times. 

Rich Lake. — Northern shore heavily wooded: southern cleared. Outlet juirrow 
and rocky, with bold shores. Proposed dam would flow about 200 acres of im- 
proved land. 

Harris Lake. — Estimated that winter and spring drainage will fill Rich lake 
and. Harris lake reservoirs about 3 times. Harris lake is the lowest member of 
a chain composed of these lakes mentioned above. 

Lake Henderson and Newoomh Lake. — Estimated that winter and spring drainage 
will fill reservoir 3.5 times. This lake is surrounded by high mountains on every 
< side except the east. 

Lower Works Reservoir. — Estimated that winter and spring drainage will fill 
reservoir 2.4 times. Advantages for dam not so good as at some of the other 
sites. Includes Lake Sanford. 

Chain Lakes. — Estimated that winter and spring drainage will fill reservoir' 5 
per cent, of filling the reservoir. 

Goodenou) Pond. — Reservoir to be formed by dam on Goodenow river. Esti- 
mated that winter and spring drainage will fill reservoir 4.13 times. 

Goodenow River Reservoir. — Reservoir to be formed by dam on Goodenow river. 
Estimated that winter and spring drainaage will fill reservoir 1.72 time. 

South Pond, Clear Pond and Slim Pond. — Drain to Long lake. 

Ackerman Pond. — Tributary to Catlln chain of lakes. 

Perch Pond, Trout Pond, Lake Harkness. — Drain through central or mountain 
branch of Hudson. 

Shedd Lake, First Sergeant Pond and Third Sergeant Pond. — Drain to Raquette 
lake. 

Plumley Pond, Moses Pond, Cary Pond. — Droln to Forked lake. 



United States Census Report on Xew York Water Powers. 

An excellent report upon the water powers of New York and 
those of the Hudson river in particular, prepared by Dwight 
Porter, now professor .of hydraulic engineering at the Massa- 
chusetts Institute of Technology, is found in a special volume of 
the United States Census of 1880 relating to the water power 
of the United States, page 346, et seq. 

This report, though nominally bearing date of 1880, was not- 
completed until some years later. It presents a very full descrip- 
tion of the several power sites as developed in 1882, with esti- 
mates of the total' power available at each under various condi- 
tions, and also an abstract of Prof. Benedict's report on the in- 
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crease of river flow to be gained from the construction of storage 
reservoirs in the Adirondacks. 

It is of present interest to note the attitude regarding the con- 
struction of storage reservoirs at that time, described as follows 
in page 348 of the Census Report : 

" Although the building of reservoirs in the upper waters 
would benefit all the hydraulic powers on the course of the 
river below^ it does not seem probable that their construction 
will be attempted by private capital. The mill owners con- 
sidered that the State would receive as much advantage from 
reservoirs by reason of the improvements of low water navi- 
gation below Troy as any private interest would receive and 
are not disposed to invest their own capital in such enter- 
prises, so long as there is a possibility that they may be under- 
taken as public works." 

One specially interesting statement in Prof. Porter's Census 
report regarding the low water flow of the Hudson (p. 346) given 
on the authority of Mr. Warren Curtis, than whom no man is 
better informed on Hudson river matters in general, is that at 
Palmer's Palls the flow for one or two months in ihe year some- 
times falls as low as 200 to 250 cubic feet per second. This 
would be a little less than 0.10 cubic feet per second per square 
mile, or about the same as we found for the watershed above 
Indian river near the end of the August drought in 1907, or 
about the same that we found for the entire Sacandaga at that 
time. This is, ^however, far smaller than anything found in the 
more recent gagings recorded for Port Edward and Mechanicville. 

Since the recorded flow at Mechanicville in low water, as pub- 
lished from year to year in the reports of the U. S. Geological 
Survey and of the New York State Engineer, is much larger 
than I should expect from a drainage area of this character 
and area, the following quotation is presented for its caution and 
as a reason for measuring the flow at various points on the main 
river carefully by independent means whenever there is another 
severe drought and at the same time making note of the stored 
water being released from Indian lake and Schroon lake or from 
lumbermen's reservoirs. 
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Water Power, IT. S. Census, 1888, vol. 16, Part I, p. 346: 

"At Palmer's Falls, there is a favorable opportunity for 
determining the low water discharge, and observations have 
been made at various times by Mr. Warren Curtis, Superin- 
tendent of the Hudson River Pulp and Paper Co. Mr. 
Curtis states that the average low flow at that place for, say, 
the four months of least volume is not far from 400 or 500 
cubic feet per second, and that for one or two months it is 
not more than 200 to 250 cubic feet per second. October 28, 
1882, a measurement was made which indicated a discharge 
of about 390 cubic feet per second." 

Although I incline to the opinion that the Mechanicville record 
in time of drought gives too large a quantity, I regard the above 
estimate as surely too small, but it serves in urging the need of 
additional precise gagings. 

At the beginning of the present investigation in August, 1907, 
it was intended to take these Census tables of 1882 and the 
Eafter tables of 1895 as a starting point and bring the statistics 
of water power for New York in general and the Hudson, Genesee 
and Raquette rivers in particular up to date, presenting for each 
site detailed estimates of the power that could be gained by stor- 
age development. It was proposed also to reeurvey portions of 
the profile of the Hudson where power is not yet developed from 
the fall. The only progress so far made upon this has been to 
collect sopae data showing the increasing development of power 
from year to year and relating to the turbines now in use upon 
the Hudson and Genesee rivers and giving the falls under which 
these turbines work, and the total flow that can be taken through 
them, all as set forth in tables on the following pages. 

It is interesting to note that by reason of the large number of 
turbines devoted to supplying power for grinding wood pulp, a 
greater profitable use of irregular power, or power which can be 
relied on during only a few months of the year, is possible here at 
many of these Hudson river plants than would be economical in 
most other lines of manufacture. 

The use of power throughout the 24 hours of the daj at a 
uniform rate, prevails to an uncommonly large extent at these 
Hudson river power developments. This is a result of the power 
being so largely devoted to paper manufacture. 
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For purpose of comparison and checking and for showing recent 
growth, the estimates of total horsepower developed at each site 
in 1899 has been copied in parallel column from Mr. Rafter's table 
in New York Hydrology, published by the New York State Edu- 
cation Department in 1905. 

From this comparison it appears that during the past nine 
years an addition of 50,000 horse power of turbine capacity has 
been made available for use in the months when water is plenty, 
thus more than doubling the turbine eapacity of nine years ago, 
and that aibout 6,000 horse power additional is to be installed 
soon. 

Mr. Eafter found in 1895, according to p. 150 of State En- 
gineer's report for that year, a total of only 43,841 net horse 
power in use on the Hudson at Troy and above, including that at 
Hadley and that on the Schroon and Sacandaga. The amount 
comparable with the totals of the following table was 40,070 horse 
power. 

The total amount found by Prof. Porter in 1882 at all develop- 
ments on the Hudson and its tributaries above Troy was 12,896. 

This remarkable increase of 25 years from about 12,000 horse 
power in 1882 to 40,000 horse power in 1899 and 98,000 in 1907, 
with 6,000 horse power more of additions in immediate prosj^ect, 
indicates plainly that. use would be found within comparatively 
few years for all the additions that could be had from the storage 
of the Sacandaga floods. 
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TJpPEB Hudson Storage Kepoet of 1895. 

Under chapter 599 of the Laws of 1895, a survey of the upper 
Hudson was provided for with a view to determining what lakes 
and streams could be improved by storage, the object being to 
provide for: 

1. The enlargement of the Champlain canal. 

2. For restoring water equivalent to that diverted for canal 
purposes. 

3. For improving the navigation of the Hudson river. 

Another object which although not mentioned with the three 
above was perhaps quite as important in the minds of some of 
those interested in this work, was that of adding greatly to the 
water power of the several mill sites on the Hudson, all the way 
from Hadley to Mechanicville, and this important matter received 
due treatment in the report. ^ 

These surveys of 1895 were made under the general supervi- 
sion of the State Engineer and the Superintendent of Public 
Works, and the report is included in the volume of the report of 
the State Engineer and Surveyor for the year 1895, pages 87-195. 

The work was in the immediate charge of Mr. George W. 
Rafter, Civil Engineer, an engineer of much experience in the 
study of hydrology and an enthusiast in matters relating to the 
regulation of stream flow by storage reservoirs for the increase 
of the water power resources of the State. 

It is fortunate that the work was put in charge of one who so 
fully appreciated the lack of precise data existing at that time 
that he laid a foundation for our more complete studies of today 
by urging immediate co-operation between the New York State 
Engineer's oflSce and the United States Geological Survey for an 
accurate topographic survey of the Schroon drainage. The prep- 
aration of maps of that region was followed within a few years 
by similar maps of the entire Adirondack region. 

In his report Mr. Rafter presented extensive tables and hydro-x 
graphs of the flow of the Hudson river, based upon the daily 
records of height on dam and turbine run, which had been main- 
tained for seven years previous by the Duncan Co. at its dam 
and paper mill at Mechanicville and he had other gagings begun on 
the Hudson and on the Schroon. 



Studies of Wateb Poweb Development. 71 

The funds provided at that time were utterly insufficient to per- 
mit much field work of a precise or detailed character in the study 
of dam sites or flowage lines^ but it appears that a broad general 
reconnoissance was made, visiting nearly every noteworthy lake 
or pond upon the Hudson head waters. Other than the topo- 
graphic surveys arranged for with the U. S. Geological Survey 
by the State paying half the cost, and which appear to have ab- 
sorbed half the entire appropriation, the new surveys in detail 
for this storage study appear to have comprised only the 
following : 

1. A line of levels was run from which a water power profile 
of the Hudson was prepared, covering the sixty-five miles from 
Glens Falls to North River village. 

2. Surveys and studies for a large dam at Tumblehead Falls 
on the Schroon river and for another dam and reservoir at Indian 
Lake were made with some detail, though based on no sufficient 
test pits or borings. The outlines of Piseco Lake were surveyed 
at present level and also for a higher flow line. 

3. Dam sites were partially explored and estimates of cost 
prepared, on Boreas Pond, Cheney Pond, Piseco Lake, at Star- 
buckville, at Hadley and on fifteen sites for smaller reservoirs 
tributary to the Schroon. 

The chief conclusions of Mr. Rafter were : 

1. That by constructing a reservoir system wholly to the south 
of the Benedict system given in table on page 63, having a 
total storage volume of 41,693,000,000 cubic feet, estimated to 
cost $2,606,659, the mean monthly flow at Glen Falls with the 
river thus regulated, need not fall below 3,000 to 3,600 cubic 
feet per second, whereas it then at times fell as low as 900 cubic 
feet per second under natural conditions. 

This storage volume to be provided was equivalent to a depth of 
13.5 inches of run-off on the entire watershed directly controlled, 
of which about 1.5 inches was for use of the log drivers. 

2. He flxed upon 4,500 cubic feet per second flow as the proper 
minimum at which the river should be maintained, for reasons 
connected with the navigation, and concluded that the regulated 
flow with the proposed total storage of 41,593 million cubic feet, 
would maintain at all times not less than 4,500 cubic feet per 
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second of 24rhour flow at Mechanicville, or 1.0 cubic foot per 
second per square mile. 

3. Mr. Rafter concluded from some comparison of gage heights 
that this increase in flow, due to storage, would increase the low 
water depth in the Hudson river at Albany about 1.5 feet. 

4. Mr. Eafter estimated roughly that by thus regulating the 
flow through storage reservoirs, the maximum possible continuous 
power of the Hudson river, if each fall all the way from Troy to 
North River village was developed, would be increased by 114,020 
horse power to 174,020 horse power twenty-four hours per day, 
whereas the same falls under present conditions would yield in 
time of low water only 60,000 horse power. He thus reckoned 
that the power available in the dryest months of the ordinary 
year would be increased nearly threefold. 

5. Attention was called to the opportunity for a large suc- 
cession of power developments of moderate size along the upper 
Hudson from Thurman to North River village, the river having a 
total fall of 450 feet in twenty-five miles. This would require 
the relocation of the Adirondack railroad higher on the side 
of the valley. 

6. A new census of the Hudson river power developments was 
presented, showing a total turbine capacity of 43,481 net horse 
power, a most remarkable increase from the 12,894 found by the 
census made by Prof. Porter in 1882. 

7. It was suggested that during the season while storage was 
accumulating, a constant flow equivalent to 0.45 cubic feet per 
square mile of drainage was to be left flowing in the streams, 
but the detailed estimates showing just how this was to be done 
and meanwhile fill these very large reservoirs are not presented 
in the report. 

On a close analytic study, this report of 1895 is found to 
contain very far from complete information on the water storage 
problem, and nothing more than a reconnoissance could properly 
be expected from so small an appropriation. 

It is made plain in the report, upon close study, that the 
above estimate of cost of $2,606,559 for 41,593 million cubic 
feet of storage was very crude, and that the data for it were few. 
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Mr. Bafter also called attention to the possible opportnnily 
for a great reservoir above ConUingville, by the erection of a 
dam twenty feet high, thinking it probable 4,000,000,000 cubic 
feet of storage could thereby be obtained, but said as there was 
" no definite data at hand as to the effect of twenty-five feet rise on 
the valley, it is considered best on the whole to leave this reservoir 
for the present out of the account." 

The chief permanent results of this survey of 1895 are: 

!• The earlier securing of accurate topographic maps of the 
Adirondack region. 

2. The publication of carefully prepared tables of the daily 
flow of the river. 

3. The securing of the data which led to the construction of the 
Indian Lake dam in 1898. 

Incompleteness op Data Secured in 1895-6. 

Since these figures upon storage, taken from the reports of 
1895 and 1896 have been often quoted without making plain the 
scant data on which they rest, it is worth while to briefly show 
how they were derived. 

For ten drainage areas, mostly small and near the head waters, 
it was assumed in the absence of definite surveys but after some 
reconnoissance in the field, that dams at the lake outlets could 
be built sufficient to store the total run-off of the storage months, 
December to May inclusive, in the minimum year, which was 
estimated as equivalent to a depth of 13.5 inches over the entire 
watershed. 

Taking Mr. Kafter's data, the lakes and the drainage areas 
proposed to be utilized for storage are as follows : 

Pleasant and Sacandaga lakes 45 square miles 

Arietta Flow 10 " '•' 

Thirteenth Pond 14 " 

Chain Lakes on Rock river 58 " " 

Catlin 25 " " 

Lakes Rich, Morris, Newcomb and Qoodenow. 83 " " 

Lake Henderson 18 " " 

Lake Sanf ord and Tahawus 67 '' " 
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Oedar river. 58 square miles 

Sundry small areas on Sacandaga with definite 

data lacking, estimated at 50 " " 



Total 458 



u 



If the yearly flow from all these could be controlled by dams 
so as to store the depth of run-off estimated at 13.5 inches over 
this entire area of 458 square miles, the volume would be equiva- 
lent to 458 X 5,280 x 5,280 x i^f =14,364 million cubic feet. • 

In the absence of definite information, Mr. Rafter thought 
that the average cost of all of this storage in the ten areas of 
lakes given above, would not exceed $76.48 per million cubic 
feet stored. This $76.48 was found by estimating in some detail 
the total cost for a series of sixteen resen^oirs on the Schroon 
system and by dividing the total estimate of $1,172,500 thus 
found, by their total estimated storage of 15,330,000 cubic feet. 

It was by this very crude method that the cost for the ten 
reservoirs on upper Hudson and upper Sacandaga proposed built 
to hold 14,364,000,000 cubic feet, was estimated at $1,098,559. 

On Boreas and Cheney Ponds, it was estimated that 

1,111 million "cubic feet of storage would cost $118,000 

On Indian Lake it was estimated, apparently from 
surveys in detail, that 4,468 million cubic feet 
of storage would cost 120,000 

On Piseco Lake, it was estimated that 1,725 million 
cubic feet of storage, which apparently would 
raise the lake level about 12.7 feet, would cost. . 70,000 

At Tumblehead Falls, it was estimated from sur- 
veys that a high masonry dam could be built 
which would raise the level of Schroon Lake 
about thirty-one feet above its present level 
of 807 feet above the sea or when the reservoir 
was filled to maximum flood depth with two feet 
flowing over the crest of the dam, the water 
would be raised to contour 840. 
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At Tumblehead Falls the water level would be 
raised fiftj-nine feet, and the proposed dam 
would impound the run-oflf from 602 square 
miles. 

The vast reservoir formed by this dam would flood 
also Brant Lake and Paradox Lake. 

It was estimated that the total volume thus stored 
including the thirty-one feet of extra depth on 
Schroon Lake at Tumblehead Falls, would be 
nearly 16 billion cubic feet, and the expenses at- 
tendant on flooding this vast territory was then 
estimated at $840,000 

It was also proposed to construct a dam on the 
main Hudson river just above the present high- 
way bridge between Hadley and Luzerne, where 
it was assumed, apparently from very meagre 
surveys, that there could be impounded 4,000 
million cubic feet at a cost of 360,000 



The totals of the above estimates were: 
Storage 41,593 million cubic feet. 
Total cost $2,606,569 



So far as can be judged from the report, it appears that data 
used for estimating the volumes of the proposed great Schroon 
reservoir were chiefly the contours at twenty foot intervals, as 
determined by the ordinary topographic methods of the U. S. 
geological survey, and not very precise because of the scale being 
so small and the points actually located Ix^ing so few. 

In the case of the proposed Hadley reservoir, the area to be 
flooded is so long and narrow that topography mapped on so small 
a scale as one mile to the inch; could not be expected to give 
a close approximation, but the topographic maps of the U. S. 
geological survey as well as our own partial surveys of 1907 indi- 
cate only about one-half as great a volume as assumed by Mr. 
Eafter. 

His estimates for dams at Hadley, Tumblehead Falls, Indian 
Lake, Piseco Lake and for Boreas and Cheney Ponds, so far as ^ 
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may be judged from the description in the printed report, were 
made with some degree of care, frcwn measurements of the ^ross 
section of the valley at the points selected for dams. 

The type of dam is described (in table 15, page 174 of State 
Engineer's report of 1895) as " in general, earth dams with 
masonry cores and provided with waste ways over natural rock 
at the side," but in the case of the larger dam for Tumblehead 
Falls and Indian Laike, massive masonry structures were proposed 
and the cost of the dams themselves appears to have been esti- 
mated in some little detail. The actual cost of construction at 
Indian Lake came very close to this preliminary estimate. 

The type proposed at that time for the great dam at Tumble- 
head Falls was a loose rock fill, to be made water tight by an 
asphalt-concrete facing. This is a type of construction which 
would hardly be accepted to-day. 

Hudson Storage Report of 1896. 

In his report of the previous year, Mr. Rafter plainly stated 
that his data were incomplete and reserved the right upon obtain- 
ing further data, to change his figures upon storage volumes and 
cost and a continuation of his studies of 1895 is reported under 
date of February 1, 1897, upon pages 803-858 of the State Engi- 
neer's report for the year 1896. 

This reports additional surveys at the site of the proposed 
dam at Tumblehead Falls, at the Hadky Dam site, and for dam 
sites at Tahawus, Lake Henderson, Boreas River and at New- 
comb. The survey had been completed for the Indian Lake dam 
site to the point where it was said, that if desirable an appropria- 
tion could be made for its construction. 

The test pits at Tumblehead Falls failed to reach ledge at 
thirty-five feet below the surface on the south side ; and owing to 
the lack of suflBcient appropriation, borings for completely deter- 
mining the character of the sub-strata could not be made. The 
report says that " hard material " was in general found from 
ten to twenty-four feet below the bed of the river. Presumably 
this means compact sand, hard-pan or boulders — not solid ledge. 

A topographic map of the Tumblehead site on a scale of 100 
feet to an inch was prepared but not published. 
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At the Hadlej Bite, the probftble cost was found greater thaa 
estimated the year before, because it was now found that move 
of the houses in the village would be included within the flow 
line, and that the river at the dam site was mudi deeper tlun had 
been supposed. 

The topographical work was not extended over the Hadley res- 
ervoir, and therefore no accurate figures on its storage volume 
were presented. 

A further study of rainfall and runoff of the upper Hudson 
region was reported, and a compilation of many monthly rainfall 
records and temperature records was presented. Considerable 
space was given to the recurrence of years of exceptional small 
stream flow. 

Except forihe small amount of new survey and test pit work 
mentioned above, the report of this year 1896 upon Hudson river 
storage was mainly made up of a compilation and discussicn of 
such data as are to be found in the library, rather than by a 
presentation of the data that could be had only throu^ additional 
field work and at larger cost. 

Investigations by Wateb Storage Commission of 1902. 

Under Chapter 406, Laws of 1902, a Commission was ap- 
pointed to investigate causes of floods and overflows of rivers 
and water courses and make recommendations for preventing 
the same. 

The members served without salary, and an appropriation of 
only $5,000 was made to cover salary of secretary traveling 
expenses, printing and the service of an engineer and assistants 
to be detailed from the office of the State Engineer. 

The Commission resolved itself into four committees for 
greater facility of work, and the State was correspondingly sub- 
divided into four districts for investigation. Circulars were 
sent out calling for statistics of injurious floods, and the Com- 
mission recognizing the insufficiency of the appropriation, coax- 
fined its work for that year mainly to " the preliminarj woik of 
collecting general information concerning the distribution and 
extent of floods throughout the State to the ascertainment of the 
general character and extent of the injury sustained thereby 
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and to the general type and character of the remedial measures 
available." 

" It was expected that the preliminary investigation of the 
first year would show just what problems existed and what further 
special investigations and surveys were needed before actually 
undertaking the work of flood prevention or stream measure- 
ment in the various portions of the State." 

" The conclusion was reached that State supervision and con- 
trol is the only safe method of intelligently initiating, construct- 
ing and maintaining an adequate study of river improvement 
for this State." 

" The central idea should be that the entire cost of the exe- 
cution and maintenance of each of the various works comprising 
such a study, should be borne by the beneficiaries in proportion 
to the benefits they derive from it." 

Attention was particularly called in the report of this Water 
Storage Commission to the possibilities of large additional water 
power development upon the Genesee, Hudson and the Black, 
rivers by means of the storage of flood waters. 

The Commissioners . reporting for the eastern division, Mr. 
Elnathan Sweet of Albany and Mr. George R. Finch of Glens 
Falls, in their statements about the Hudson river region above 
Troy, p. 148, present the following interesting notes : 

On the Hoosic about one mile above its mouth, a reservoir of 
five billion cubic feet could be located but would be costly above 
$200 per million cubic feet. 

On the Battenkill, about five billion cubic feet of storage could 
be secured by dams of Battenkill and Shusan, both located above 
the^ principal water powers. This storage would cost probably 
not more than $100 per million cubic feet. 

On Fish Creek, the outlet of Saratoga Lake, about three billion 
cubic feet of storage could be secured, costing probably not more 
than $100 per million cubic feet, but the Commissioners state 
clearly that additional sui-veys are needed to determine the facts 
with more precision. 

They further state (p. 149) that the surveys of the Hudson 
Eiver Electric Company indicates that a storage reservoir hold- 
ing, say, 8,000 million cubic feet can be made at Conklingville 
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by raising the surface of the mill pond there about 2i feet, at a 
cost not to exceed $75 per million cubic feet, that is, $600,000. 

On the west branch of ths Sacandaga, the Water Storage 
Commission caused a reservoir site to be surveyed half a mile 
above the Little Falls, where a dam 62 feet high would store 
7.5 billion cubic feet at a cost not exceeding $40 per million 
cubic feet. 

On the east branch of the Sacandaga, a reconnoissance indi- 
cates 3.5 billion cubic feet can be stored at the Griffin and Oregon 
and at the outlet of Lake Pleasant, all at moderate cost. 

These three reservoirs aggregating 19 billion cubic feet were 
deemed sufficient for the regulation of the Sacandaga. (See p. 
149 Kept. Water Storage Cora. 1903). 

On the Schroon Kiver, Messrs. Sweet and Finch reported 
recompiending a modification from Mr. Rafter's plan of A single 
large dam at Tumblehead Falls, which would flood and connect 
Schroon, Paradox and Brant lakes, tc-cause of the said plan 
providing more storage than consistent with utilizing the full 
water power of the Schroon, and because it would have to be 
executed all at one time and would necessitate too radical a changes 
at Schroon Lake. 

They suggested instead of the dam at the Tumblehead site, a 
dam about a mile and a half above Starbuckville, which would 
raise Schroon Lake to elevation 817 above sea level, and which 
would supply three billion cubic feet of storage. 

They also recommended four other dams, viz., at the foot of 
Brant Lake, to provide 1.8 billion cubic feet of storage ; Para- 
dox Lake, 2.2 billion cubic feet; at Blue Ridge 1.5 billion cubic 
feet; at Loon Lake and Hammond Lake, 1 billion cubic feet, a 
total of 6.5 billion cubic feet. 

The whole Schroon River system of reservoirs thus planned 
would aggregate 9.5 billion cubic feet, which Messrs. Sweet and 
Finch believe could be provided at a cost of less than $70 per 
million cubic feet. 

For the upper Hudson River, they suggested : 

1. Fully developing the storage of Lidian River by a dam at 
the head of Indian River Falls about four miles below the recent 
new Indian Lake dam, providinf( four billion cubic feet of storage. 
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2. By dams on tributari^ above Indian Eiver to provide 3.5 
billion cubic feet; and on Boreas River at the outlet of Cheney 
Pond, providing 1.5 billion cubic feet, the whole aggregating 
with the present Indian Lake dam 14 billion cubic feet on that 
division of the watershed. 

The cost of the Indian River storage was estimated at only 
$5 per million cubic feet, and that of the other i-eservoirs on 
this division at $75 per million cubic feet. 

They further recommended securing four billion cubic feet of 
storage at the reservoir recommended previously on the Hudson 
Eiver at Hadley (our later surveys indicated this reservoir would 
contain only about half this quantity) and four billion cubic feet 
additional by a reservoir to be created by raising the State canal 
feeder dam located two miles above Glens Falls about 45 feet 
or to 'elevation 333 above sea level and stated that the costs 
of these two reservoirs may approximate $100 per million cubic 
feet. 

Billion 
cubic feet. 

The total for upper Hudson was 14 . 

The total for Schroon was 9.5 

The total for Hoosic was 5 . 

The total for Batten Kill was 5 . 

The total for Fish Creek was 3 . 

The total for Sacandaga, Conklinville was 8 . 

The total for Sacandaga, West branch was 7.5 

Total 52.0 

In conclusion, they stated that this study of regulating reser- 
voirs for the upper Hudson " would not only secure the desired 
regulation of the lower Hudson, but would provide a like regula- 
tion to all its upper tributaries, thus serving in the highest degree 
the potential energy in the stored water for the development on 
the tributaries as well as on the main stream and would benefit 
navigation by providing ample feed water for the proposed en- 
largement of the Champlain Canal and by raising the minimum 
low water stage of the Hudson River in the shallow portion below 
Troy, more than one fooV 
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It will be noted this is more conservative tlian Mr. Rafter's 
estimate of 1.5 ft. increased depth from 41.6 billion cubic feet of 
storage, but it is not quite clear if they considered all of the 52 bill- 
ion cubic feet of storage necessary to gain this one foot of depth. 

In reviewing the above conclusions, it should be remembered 
that Messrs. Sweet and Finch had the benefit of no additional 
surveys and no precise data, but that both were presumably very 
f amUiar from long personal experience with the general character- 
istics of the territory in question. 

Resteictions on Resehvoir Building. 

Notwithstanding all the foregoing evidence of remarkably 
favorable reservoir sites, by the use of which the great shrinkage 
of the river's flow in summer could be prevented and notwithstand- 
ing the requirements of navigation and the great need for more 
power, various causes have deferred the building of additional 
reservoirs in the Adirondacks. 

In the earlier days, lack of combination of the various mill 
owners along the stream for united action, and lack of securing 
a pro rata contribution to the cost of thL* reservoirs, doubtless had 
much to do with preventing action by them. 

Combinations of this kind even when plainly most advantage- 
ous are often difficult to bring about. One mill has less pressing; 
need than another of adding to its supply of power. Some mill 
owners may not have the ready funds. The owner of a mill may 
reason that those mill owners whose need is greatest will go ahead 
with the reservoir building and that by waiting, without effort 
or expense on his part, he can enjoy the use of the stored water 
as it flows past his mill, and as suggested in the census report 
already quoted on page 65 there has been all along a hope that 
the State would undertake this work with little or no expense to 
the mill owner, " for the benefit to navigation.'' 

The fact that one using power for grinding pulp, the purpose 
for which the Hudson power is chiefly used, can not afford so 
large an expense for power as in textile manufacture, and can 
more readily arrange to manufacture a surplus in the months of 
plenty and stop in the months of drought, has also been a factor. 
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Forest Pkeserve Eestbictions. 

The establishment of a State Forest Preserve in 1890 has had 
a very important restraining influence on the construction of these 
storage reservoirs. x 

The State laws outline two large districts, designated 
respectively as the Adirondack Park and the Adirondack Forest 
Preserve, comprising all lands owned or acquired by the State 
in certain counties and towns. 

The outlines of the two districts and the location of the several 
parcels now owned by the State are shown on certain largo scale 
maps issued by the N. Y. Forest, Fish and Game Commission. 

The inner circuit bounds the " Park Lands " and the outer 
circuit the ^^ Forest Preserve." The Park is a part of the Forest 
Preserve. 

The Adirondack Park as laid out and already about four-fifths 
acquired, is confined to a contiguous and nearly solid tract, 
roughly rectangular in shape, averaging about 80 miles across 
from north to south and abqut 70 miles from east to west. It con- 
sists largely of land from which the valuable coniferous timber 
had been removed by lumberman prior to its purchase or recovery 
by the State, but as a whole, it is still densely covered by the 
primeval hardwood growth, coinprising many magnificent trees, 
and contains many acres where a new stand of small spruce, 
balsam, hemlock and pine is rapidly growing. 

The Forest Preserve outside the park consists of many large 
and small detached tracts, widely separated and scattered within 
a zone varying from 20 to 50 miles in width outside the parlc, 
hui comprises only a very small percentage of all the lands in 
this zone. 

In the State Constitution, it is now provided, act VII. section 
7 — " The lands of the State now owned or hereafter acquired, 
conbdtuting the forest preserve as now fixed by law, shall be for- 
ever kept as wild forest lands. They shall not be leased, sold or 
exchanged or be taken by any corporation, public or private, 
nor shall the timber thereon be sold, removed or destroyed." This 
])rovision has come to have a wider scope than those who 
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framed it probably foresaw, since under certain laws, scattered 
tracts of land in various parts of the State on which taxes have- 
ceased to be paid revert to the State and become parts of the State 
forest preserve and subject to the limitations above set forth. 

Many small detached tracts of abandoned farm lapds, of de- 
forested timber lands and of valueless swamp lands have thus 
come into the possession of the State and are thus held as part of 
the forest preserve under the restrictions quoted above, and some 
of these tracts happen to stand within areas desirable for reservoir 
purposes. 

An instance of this kind is found within the area proposed to 
be acquired by the city of New York as the site of its great 
Ashokan reservoir now under construction for purposes of domestic 
supply. A notable instance is found within the proposed limits of 
the Sacandaga reservoir, about four miles above Conkling\'ille. 

An amendment to the State Constitution may be necessary to 
remedy these conditions. 

In some instances, the land proposed to be flowed is practically 
worthless for the real purpose of a forest preserve and can be 
employed for water storage with far greater advantage to the State 
than in any other use. 

' For example, in the neighborhood of the great Vly swamp be- 
tween Cranberry creek and North Broadalbin, or near the long 
level swamp on the West Branch of the Sacandaga, upstream 
from the entrance of Piseco outlet, the conditions affecting health 
and pleasure would surely be improved by converting both of 
these tracts into storage reservoirs, under proper requirements 
for cutting the trees and removing the stumps, and for burning 
all dead timber and other refuse wood, and then flooding this 
swamp by a dam whose drain gates were set so high that the 
swamp would become forever covered by water. 

Effect of Lumbeeino upon Steeam Flow. 

A clear distinction must be made between deforesting for agri- 
culture and the cutting out of the timber trees, in their effect on 
stream flow. 

As a matter of fact, the vast lumbering operations of the past 
75 years have probably had little, if any, measurable effect upon 
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the flow of the Sacandaga nver, for those areas where the forest 
fires have raged so fiercely as to destroy the leaf mold, denude 
the soil and prevent new growth, although large to the eye, are so 
far as I have yet been able to learn, but a small percentage of this 
whole upper Hudson drainage area, and I saw no such denuded 
areas on the Sacandaga drainage. 

Perhaps in some parts of the Adirondacks, the tracts of barren 
burned land are larger than on the Upper Hudson drainage area. 

The dense Northern forest, as seen on our tour through the 
Indian Lake and Sacandaga drainage already described, com- 
prises magnificent old-growth, hardwood trees left after the 
lumbering and filled in between with underbrush, which soon 
grows up again after a small fire, all of which efficiently shade 
the ground and check the wind movement over the surface and 
thus lessen evaporation and also furnish sponge-like leaf mold 
to soak up and retain the rain, so that all of this forest region 
probably yields at the present day just about as much run-off and 
just about as even a flow as ever before, the only material differ- 
ence probably being that the winter's snow was better shaded by 
the old-growth of evergreens from early melting by the sun. 

The new growth of small evergreens doubtless soon restores this 
shade, and except for the constant menace of fires severe enough 
to bum the humus and the collection of " spruce duff," there is 
every reason to expect that the yield of the upper Hudson will 
forever continue much the same as now, especially so since the 
recent wise establishment by the State of a great Forest Preserve. 

The real storage which regulates the summer yield is not in 
the forest or in the accumitlation of leaf mold hut is in the porous 
sands heneaih. The forest cover and the leaf, mold reitard the 
run-off and give it more time to soak into the porous sand. 

The complete deforesting for purpose of agriculture undoubt- 
edly makes a great decrease in the summer run-off, but the drain- 
age area of tho Upper Hudson is mainly too steep, too cold and 
too sterile for agriculture and will always remain mostly wood- 
land. 

Forest fires are the great and pressing danger to maintenance 
of the volume of stream flow and to its partial regulation by forest 
influences and the consequent lessening of the extremes of flow 
between flood and drought. 
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• Means f qr lessening the present danger of forest fires may well 
be considered hj thoie who would conserve the sources of the 
water power of all this region. 

If ear North Creek can be seen examples of the injury, irrepara- 
ble largely for a hundred years, that may sometimes follow a 
forest fire. The unmerchantable standing trees and the under- 
brush, that furnished shade to retard the melting of the snow are 
gone, and the sponge-like, fertile covering of leaf-mould and 
humus that it has taken many yeare to accumulate is lost. With 
this protection gone, the scanty covering of earth that it has taken 
unknown years of frost and disintegration to accumulate over the 
rocks of the hillsides, soon becomes more or less washed away by 
the rain. Scant shelter or nourishment is left for new growth to 
come in, which by giving shade and lessening the wind movement 
would lessen the evaporation, and by accumulating leaf mold and 
duflF would present a sponge-like surface to retard the flow, and 
so for many years the rainfall upon these burned barren tracts 
will run rapidly to the rivers, the snows will melt rapidly and the 
summer flow of the springs will dry up early. 

I was much impressed by these facts as I traveled in September 
last across the lower half of the Adirondack Preserve from Xorth 
creek past Indian lake to Lake Pleasant and Pii^cco lake and along 
the west branches of the Sacandaga. 

A forest to serve its best purpose should not be simply let alone. 
Portions of the admirable forestry laws recently established by the 
United States Government under the wise lead of Mr. Gifford 
Pinchot, may well serve as a basis for remodeling the foresty 
laws of New York, and above all the construction of main lines 
of roads for quick access in fire control and the presence of forest 
wardens and the presence of scattered small colonies of settlers 
who may get their living as guides or wardens or keepers of sum- 
mer vacation camps and thus have a direct interest in preservation 
of attractive forest conditions, should be encouraged by wise pro- 
visions of the State laws. 

All this will result in ultimate benefit to water powers and to 
the many other products of the forest. Likewise, all that can be 
done to extend the plantations of thickly set pine — cheaply set out 
about five feet apart by the tens of thousands or hundreds of 
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thousands, as has been done in recent years by a few far-seeing 
land owners — will be of benefit to the stream flow and to the re- 
sources of the State. 

Popular Opposition to Storage Reservoirs. 

In recent years, the apprehension of the general public lest 
the attractiveness and healthfulness of the State forest reserves 
. as a pleasure ground would be seriously impaired by the flooding 
of vast tracts for reservoirs to be emptied in midsummer, has on 
various occasions aroused a strong sentiment against any ex- 
tensive reservoir building. 

Methods of reservoir building that have too freely prevailed 
in Xew York, in Maine and other states, whereby large forest 
areas have simply been flooded, thereby killing the trees and the 
underbrush, and leaving them to slowly rot amid scenes of hope- 
less desolation, have given abundant cause for these popular fears 
and protests. 

Also there are many object lessons within the limits of the 
Forest Preserve, of reservoirs nominally "cleared" before flow- 
ing, where the timber has been so cut as to leave tall stumps ex- 
posed and decaying as the stored water is drawn off and there exist 
other examples of reservoirs with stumps partly submerged that 
make pleasure boating dangerous, all offensive to lovers of nature 
and to those who would find pleasure in a vacation spent along the 
water-courses. 

In recent years, the needs of the mills, and particularly the 
needs of the new electric power transmission plants, for more- 
water power and for a less variable flow, have become more urgent,, 
and more strongly than in former years the water power owners 
have joined forces in advocating reservoir construction and in 
expressions of willingness to join in the cost, but meanwhile the 
public has become awakened to the dangers and has become more- 
jealous of its rights. 

Proper Reservoir Building Should be Encouraged. 
Whether a storage reservoir site is made dismal or beautiful is^ 
in most instances a simple question of expense and supervision. 
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It appears certain that by a proper cutting of stumps and 
bushes, by the careful limitation of high water and low watc^r 
levels according to the lay of the land, and by the action of the 
waves in undercutting the sod and digging out the roots on 
moderately steep slopes, thus in time forming sandy beaches, the 
margins of a partly emptied artificial storage reservoir having 
steep, sandy or rocky banks, as found almost everywhere in the 
Adirondack mountain region, can be made sanitary and attractive, 
particularly under State supervision, and it is certain that large 
storage reservoirs can be built at various places upon the head- 
waters of the Hudson, Kaquette and other rivers, which will add 
to the attractiveness of the region to health seekers and pleasure 
seekers, and that such reservoirs may be made to contribute 
greatly to the industrial prosperity of the State and should be 
built. 

Rules by Which Stobaqb Resebvoirs may be Made 

Attractive. 

After personal inspection Of several of the sites now in ques- 
tion and some study of the local conditions, and from my obsen-a- 
tions upon many reservoirs for domestic water supply and upon 
the shores of many natural lakes, I am led to believe that with the 
following requirements rigidly enfon-ed, the public interest-^ 
would be fully safeguiarded, and that the larger reservoirs, althmigh 
used for power, would on the whole, in comparison with presvni 
swamps and bushy or marshy margins, surely add to the pleasure.'^ 
of the forest. 

1. Up to a contour at least 3 feet above high water, and out 
to not less than 25 feet from the water's edge, all trees and under- 
brush should be cut close to the surface of the ground and all 
projecting stumps should be removed, excepting only the coverel 
roots, and all of this wood and refuse should be rigorously burned 
and none left to sink or drift as described at Indian lake. For 
average 'conditions of heavily forested hmd, this would probably 
cost $25 per acre. The cutting and burning of the trees on a 
thousand acres of Indian lake margins is said to have cost about 
$15 per acre, but that clearing was not so complete as it should 
haye been. 
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2. The dams should be given such surplus hei^t as to provide 
sufficient storage without ever completely emptying the reservoir 
or exposing large flat level areas that would be badly drained as 
the water receded, and no drain gate should be permitted to be 
built at a level so low as to permit this complete emptying or 
drawing below a predetermined level. 

3. In order to fix this lowest limit of draft, no storage reser- 
voir should be authorized to be constructed until a large scale 
contour map of its bed is presented, upon which the character 
and elevation of all parts of the basin are shown, so that the effect 
of draining to the proposed limit may be studied and ample 
drainage ditches may be prescribed where found necessary, in 
order to prevent pools or swampy areas being left on the benches 
or terraces. A scale of 100 feet to an inch with a 2-foot contour 
interval, is suggested for ordinary situations. 

4. Wave action by its erosion and overturning of the soil at 
high water and as the waters slowly recede, works powerfully 
upon the sandy or gravelly slopes of the wider portions that are 
exposed to the wind, and experience shows that this action soon 
results in creating many sandy or gravelly beaches similar to 
those found on natural ponds. 

Along sheltered coves and on very flat slopes, or on unfavor- 
able soil, this beach-making action may not occur, but a few 
grassy coves may add variety to the scene and add to the cover 
for birds and the minor animal life of thp woods. 

Many examples of storage reservoirs with fluctuating water 
levels can be found which are attractive and beautiful. Piseco 
lake is subject to several feet of rise and fall, but nevertheless has 
a beautiful shore. Spot pond, a reservoir of varying height in 
the center of the North Metropolitan park of the Boston district, 
forms the central feature in a beautiful landscape. 

Proposed Removal, of Constitutional Eestkiction. 

In 1907, prominent water power interests along the Hudson 
and Eaquette rivers joined with others in promoting the passage 
of an amendment to act VII, section 7, of the Constitution of 
the State of New York, by inserting a clause excepting from the 
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restrictions described above, such forest lands as the Legislature 
should decide were required for the storage of water for public 
purposes. 

In a paper by John G. Agar, read March 14, 1907, at a con- 
vention called in opposition to this constitutional amendment at 
the Albany Chamber of Commerce and published by the Associa- 
tion for the Preservation of the Adirondacks, Tribune building, 
New York city, the popular side of the case against the construc- 
tion of storage reservoirs in the forest, under private control, is 
stated with great force. 

Incidental to his main argument, Mr. Agar states, page 9: 
'^ Por the water power there should be a well defined plan of 
water storage and reservoir system to be constructed, maintained 
and operated, with the power derived therefrom to be sold or 
leased by the State and the proceeds thereof to be used for public 
purposes," and he strongly urged that the present safeguard 
against the acquisition by private parties, of vested rights in the 
water flow and water power, be not sacrificed. 

CoNCEBNiNo Water PowEji Development in General. 

No State in the Union is so bounteously endowed by nature 
with great opportunities for water power development as is the 
State of New York, especially if the developments possible upon 
the international boundary rivers, the Niagara and the St. Law- 
rence be counted in; yet the general course of water power de- 
velopment for industrial uses was, relatively to the opportunity, 
much slower in New York than in the New England States until 
the marvelous electrical developments of the past few years and 
until the full value of the exceptionally high heads at Niagara 
and Rochester was realized. 

During* the past five years, water power development every- 
where has been more active than ever before. 

There are no new sources open to discovery; the watersheds 
and rivers are now all on the map, and their falls and rapids are 
all open to any man's observation. Under the stimulus of long 
distance electrical transmission what was economically impossible 
a few years ago, is now practicable and profitable, and with the 
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impending .increase in cost of coal, this utilization of all avail- 
able water powers will continually become more complete. 

Today few, if any, available power sites of noteworthy size or 
importance can be found on which the promoter has not already 
begun some work of development, or secured an option. Of 
course, the tendency is to seek a quick financial return, to cut out 
the best portion and waste the remainder, to seek a quick market 
by replacing sto^m power in established industries rather than 
to establish new industries, and if the State is ever to make a 
broad study of this question with a view to such development as 
shall to the utmost conserve these great sources of power in nature 
for the fullest benefit and convenience of man, or if it is to take 
action in reserving for public use those power sites yet remaining 
within its direct control, now is the time. 

A Disadvantage of Long Distance Electkical Tbansmission 
OF Power Compared with Local Use. 

It is well for those who make laws designed to secure the best 
development of industrial conditions within the State to recog- 
nize that the development of a great water power for transmission 
by electricity to some distant city where it will merely serve to 
lessen the amount of steam coal burned in old established indus- 
tries, adds less to the prosperity and population of the State than 
local use in new industries, and that long distance transmission 
builds few new factories and homes such as followed when the 
Merrimack river was dammed at Lawrence or the Mohawk power 
developed at Cohoes. 

Large water power developments prior to the invention of elec- 
trical transmission were commonly unprofitable. The early 
stockholders of the water power companies that developed Cohoes, 
Holyoke, Lewiston and Lawrence, either lost all or waited long, 
because their large expenditure for lands, dams and canals came 
nearly all at once and rolled up interest charges while the power 
still largely ran to waste, waiting for the slow process of an indus- 
trial development suiBcient to absorb any large proportion. 

With electrical transmission all this was changed, the power 
became immediately available as a cheaper source than steam for 
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large industries already well established, or could be immediately 
5old in large blocks to large users like street railways or public 
lighting companies, and the great source of immediate profit in 
nearly all recent waiter power enterprises has been thus found in 
taking the power to some large city and stopping the steam engines. 

The Indian Lake Reservoir, 

This appears to have resulted from the surveys of 1895-6. 
It is the largest and most recent storage reservoir in the Adiron- 
•dacks and one in which the State has acquired an important 
part. It adds materially to the water power of the Hudson in time 
of drought and therefore it merits at least a brief mention in con- 
nection with the present studies. The following description is con- 
densed mainly from a description by llr. G. W. Rafter in the 
report of the N. Y. Commissioners of Fisheries, Game and Forests 
for the year 1899. A more complete description was published in 
Engineering News May 18, 1899. 

In 1897, the Indian River Co., a corporation composed of 
owners, and users of water power on the Hudson river, was or- 
ganized to develop the storage of Indian Lake to full capacity 
in order to help out the low water flow of the Hudson river. 

A masonry dam was constructed havings its stone spillway crest 
^t elevation 1,650 above sea, twenty-three feet higher than the crest 
of the old lumbermen's dam at this point, which had fallen into do- 
cav, and which old dam flowed the water ten feet above its natural 
level. Thus the new construction raises the water about thirty- 
three feet above the surface of the original lake, which was about 
two miles in length and about one-third of a mile in width nt the 
l>roadest portion. 

The reservoir thus enlarged has an area of about 5,000 acres at 
the spillway level and is about thirteen miles long. 

It is of interest to note that when the first lumberman's dam 
six feet in height was built here in 1845, the timber was left 
standing upon the areas flooded, as was also done when later the 
original dam was rebuilt and raised to a total height of ten feet, 
for log driving purposes. This flooded timber died and remained 
standing for many years a serious blot on the landscape. After 
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about forty years from the original flooding, the great bulk of it 
had fallen down, and since that time and aside from the few 
scattering stubs here and there, the old reservoir when full is said 
to have presented the appearance of a fine natural lake. 

The storage of the ten foot timber dam was estimated at 800 
million cubic feet, and that of the new masonry dam up to the 
spillway level is estimated at 4,468 million cubic feet, or if flash 
boards two feet in height are admitted, a storage may be expected 
of roundly five billion cubic feet. 

The State acting through the Forest Preserve Board took a 
strong interest in the construction of this new dam, which with 
the clearing of the trees from the flowed land, is stated to have cost 
about $100,000, and at an expense of $164,000 the State acquired, 
largely from parties interested in the building of the datn, about 
42,000 acres of land from which the merchantable limiber had been 
cut, adjacent to and including Indian Lake, to form a portion of 
the Adirondack Park, provided for imder legislative acts of 1893,' 
1897 and 1898. A statement of the conditions leading to this 
purchase is presented in the report of the Porest Preserve Board, 
made to the Governor on January 29, 1898. 

It was stated that if the old wooden dam was allowed to decay, 
"the water would be drawn to its former level, reducing the 
lake to one-third its present size and leaving miles of devastated 
flats," and the action of the State in this purchase " was based 
upon a consideration of the advantages gained in thus not only 
preventing the destruction of Indian Lake in its beauty, but also 
in preserving it as a vast reservoir for supplying the Champlain 
canal and improving the navigation of the Hudson river. It is 
to be noted in this connection that the control of the waters has 
been thus secured to the State rather than left in the hands of 
private parties." 

The State has from time immemorial retained ownership in the 
flow of the Hudson sufficient for the needs of the canal. The real 
benefits of the enlarged Indian Lake have accrued so far as I can 
see, solely to the water powers and in such very slight and almost 
inappreciable extra depth of water for navigation near Albany as 
may occur, while the release of this storage is going on. While 
the nominal control rests in the State, the actual regulation of 
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the sluices is understood to be done by an employee of the water 
power owners. 

The specifications for clearing the reservoir margin provided 
that "all timber and brush of every sort, kind and description now 
standing on the banks of Indian river or Indian lake above the 
site of the proposed dam and between the present margins of 
the said river and a line above the proposed flow line, should 
be cut to within two or three feet of the ground and thoroughly 
burned," etc. 

It is of interest to note that Mr. Kafter had recommended in 
the report of 1895 that all standing timber, undergrowth and 
brush be " cut down to the ground and burned." 

It was found extremely diflScult to bum the bodies of the trees 
and so it is said it was concluded not to attempt to bum the heavy 
logs, but so far as possible to float them out after the reservoir 
had become full. 

It is stated afterward by Mr. Rafter that " no such extended 
clearing of reservoir margin in the forest area had previously been 
carried out in the State, and that every attempt had been made to 
hiave the clearing at Indian Lake well done, and that the non- 
completion of the burning during 1898 was due entirely to con- 
stant rains during the months of October and !N'ovember." 

It is stated p. 398, the contract price for cutting and burning 
was $13.50 per acre, which was rather low. The soft wood of 
commercial sizes had long ago been closely cut and rafted out, and 
the larger trees left were chiefly hardwood, which does not float 
or cannot be rafted downstream. 

The method finally adopted was, as described by Mr. E. E. 
Horton, Asst. Engr., that " after cutting into proper lengths for 
burning the brush, etc., the large trunks are to be left until after 
the reservoir is completed and filled, after which the hardwood 
and softwood logs will separate, the former remaining at the 
bottom and out of the way, while the floating softwood will be 
rafted down the lake and sluiced through the dam in the same 
manner as logs intended for lumber, after which it may be allowed 
to take care of itself as driftwood in the stream," to later be caught 
in the log boom above Glens Falls and cut into fire wood for the 
market. 
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Much difficulty was found in the burning on the narrow mar- 
gins without permitting the fire to work up the slope and back 
into the forest, particularly in cases where the spruce duff covered 
the ground sometimes to a depth of several feet. The plowing 
of furrows as specified for fire guards outside the limits was in 
many places inapplicable because of boulders and rough ground, 
and where the duff and vegetable mold was thick, a space had to 
be cleared by means of grub hoes for a width of at least thirty- 
three feet back from the standing timber and the brush piled for 
burning, back of this line. 

I have quoted thus extensively from the reports of the engi- 
neers under whom the Indian Lake reservoir was constructed, 
because of having myself inspected the margins of this reservoir 
during the past summer in company with the members of your 
board, when I found the presence of stumps left by this cutting 
at two or three feet above the suface of the ground so unsightly 
and so dangerous to pleasure boating when the lake is partially 
drawn (as it naturally would be during August and September) 
that it appears important to emphasize as strongly as possible 
that a more exacting specification should be made, and lived up to, 
in the case of other storage reservoirs permitted within the Adi- 
rondack Park, or wherever constructed subject to State control. 

Storage Draft from Indian Lake. 

The records of the daily height in Indian Lake above the 
bottom of the sluice ways, have been presented from year to year 
in the reports of the State Engineer and in the Water Supply 
papers of the IT. S. Geological Survey, but no record of outflow 
has been published. 

In a published description of the dam and sluices, it is stated 
that the preliminary estimate of discharge for the two gates from 
a full reservoir was 1,400 cubic feet per second, but that it was 
not expected to draw more than 1,000 cubic feet per second. 

In analyzing the yield of the several portions of the Hudson 
drainage, it is important to know what portion of the flow is from 
time to time coming from this Indian Lake storage. 

We find by methods as described later, that the actual rate of 
draft seldom exceeds 750 and probably averages about 600 feet 
for a total of somewhat more than 100 days per year, and that it is 
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drawn on nearly as often in midwinter as in midsummer, and the 
record of what has actually happened here is of interest es indi- 
cating the probable time and extent of drawing future reservoirs 
built solely for storage purposes and for showing to what extent 
they would serve in flood control. 

I have, therefore, attempted approximate preliminary computation from 
such data as were available, and finding that the data on file were contra- 
dictory and incomplete, have had Mr. Geo. G. Shedd, C. E., visit the lake to 
take such measurements of the parts affecting the discharge as could be made 
in midwinter, with the lake full. 

The published statements of storage capacity of Indian Lake at various 
heights are incomplete and perhaps rest on crude measurements. An accurate 
contour map of the bed on large scale should be made and ' a table of 
capacity at various depths prepared. A survey on the ice with soundings 
at frequent intervals could be cheaply made. We did not have time to 
attempt this, but have relied on the few statements of capacity at various 
levels found scattered in various reports and have drawn a diagram from 
them for present purposes. 

Mr. Shedd finds that the elevations of bottom of discliarge openings, cor re- 
spending to the elevations marked on the upper portion of the gage staff now 
in use, are as follows: 

Stone crest of spillway (total net length 88.5 ft.) 33.23 ± 0.15 

Average crest of flashboards 6 inches wide four bays , 33.75 ± 0.15 

Average crest of flashboards 12 inches wide one bay 34.20 ± 0.15 

Crest of small logway 16.0 ft. wide 31.76 

Crest of large logway 15.7 ft. wide 23.41 

Top of main masonry dam 40.55 

No record of height of flashboards is kept. These are changed occasionally. 
Those now on are of irregular width. 

The spillway contains two bays less length than shown on plans on file. 
The bays are of length averaging 17.70 feet each. 

The two iron sluice gates, set new last year, have their center at zero of 
the upper portion of the gage staff, as nearly as could be determined under 
the full reservoirs and inability to close one of the guard gates found at tho 
time of Mr. Shedd's visit, so the published lake level gives the static he.id on 
center of main sluice gate very nearly. 

The top portion of present staff is legible and has metal f(M)t figures and 
metal staples for the inch marks. The-e are said to have been set several 
years ago by Mr. R. E. Horton. The middle and lower portions of the staff 
are said to have become illegible so that when lake level is below thirty- 
three feet, measurements are now made with fragments of cloth tape, measur- 
ing down from top of gage, in a way liable to introduce occasional error. 
The recorded rise of about seven feet in one day on September 30, 1904, is 
plainly a mistake, which from the daily course of the records must have 
continued over a long period. 

The metal figures are understood to have not been attached to gage below 
thirty-three, because of height of water at the time, and there are grounds 
for thinking there may have been some change made from the original 
heights, at date unknown, because it is stated repeatedly in the State 
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Engineer's reports and the U. S. Water Supply papers (for example, in the 
State Engineer's Report of 1902 and 1905 and the Water Supply paper 
No. 97), that zero of gage was set at bottom of the five-foot discharge 
tunnels. 

Our measurements show that the bottom of the gate well is 39.58 feet 
below the present thirty-six foot mark of the gage, and since the caretaker 
states that the bottom of well is one foot below bottom of gate, it appears 
certain that, as the gage now stands, the published statement is wroug. 

It is difficult to compute precisely the discharge of these sluice gates from 
the given head in the lake and the given height of gate opening, because of 
the great loss of head through the twQ guard gates that supply the gate 
chamber leading to each one of the two sluice gates and their liability to 
become obstructed by snags. We found this loss to be 13.3 feet when the 
two guard gates to one sluice chamber were wide open, and the one sluice 
gate was wide open, the reservoir being at gage height 35.0. 

From what could be learned, it appears that any estimate of discharge 
through sluice gates prior to 1907 will be of uncertain precision because of 
the clogging of the guard gates or their screens with drift wood. I^Ioreover, 
the hoist on one was defective and one guard gate on well B was kept closed 
for a long period, of which we find no record. The operation of the iron 
sluice gates was so difficult that both were replaced at low water in winter 
of 1906-7. 

To determine the loss of head through the upstream gates or guard gates, 
of which there are two, each about 3 ft. x 5 ft., to each of the separate wells 
for the two 5-foot sluice gates, measurements were made by opening sluice 
gate B to various heights and noting gage reading in lake and the height 
in the well. The results are given in table following. 

Because of the inability at this time to close one of the guard gates, it 
was not possible to drain the well and enter it for precise measurements of 
aperture of either guard gate or sluice gates, nor was it practicable to make 
precise measurements of elevation of sluice ways relative to scale height. The 
standard bench mark was inaccessible under snow and ice. 

Experiments on Loss of Head Through Guard Gates at 
Indian Laxb Sluices. 



height in lake by scale. 


Sluice gate, 
height. 


Observed 
loss through 

two guard 

gates wide 

open. 


Computed 

discharge 

of sluice 

gate. 


Resulting 
co-eflRcipnt 
di.«-charge 
of guard 
gate and 
screen. 


Feet. 
35.0 


Feet. 

0.5 
1.0 
1.5 
2.0 
2.5 
3.0 
3.5 
4.0 
4.5 
4.8 


Feet Head. 

0.15 

.95 

2.15 

3.45 

6.85 

8.85 

10.45 

11:60 

12.85 

13.35 


Cu. Ft. Sec. 

70 
150 
220 
290 
370 
430 
475 
615 
535 
550 




35.0 


64 


35.0 


63 


35.0 


.65 


35.0 


59 


35.0 


.60 


35.0 


61 


35.0 


.62 


36.0 


63 


35.0 


.63 



The values in the last c<dunm are about what might be expected for the.coeffident of 
a rectangular gate opening. Therefore, the screens were probably clear. 



Studies of Wateb Poweb Development. 97 

From the recent topographic maps, of the U. S. Geological Survey, we find 
the drainage area, including the lake, is 131 square miles instead of the 146 
that has been published. 

Calling total capacity of Indian Lake 4.7 billion cubic feet, this would 
4,700,000,000 

supply for 100 days = 544 cubic feet j)er second in addition 

86,400 X 100 
to the inflow meanwhile. 

Calling the evaporation loss 5 inches in each of the months July and 
August, this, on an area of 3,500 acres as partly drawn, would be equi^lent 
3,^00 X 43,560 x 5 

to = 24 cu. ft. sec, but the inflow from 131 sq. miles 

12 X 30 X 86,400 
at, say, 0.18 cu. ft. sec. per sq. mile in any but the most extreme drought 
would be 24 cu. ft. sec. and would keep the lake from lowering by evap- 
oration. 

The full contents, of the reservoir, if 4.7 billion gallons, would be filled by 
a run-off equivalent to 15.7 inches in depth, from the watershed of 131 sq. 
miles. 

The daily heights in the lake as published in the State Engi- 
neer's report have been plotted in a diagram on plate 5 and 
on the same sheer is given such information as we have been able 
to work out regarding the times and rates of storage draft in each 
of the recent years. • 

On the same sheet, the roughly approximate diagrams that we 
have used for computing the discharge of sluices and logways are 
presented for use until something better is available and a capacity 
curve of the lake for various gage heights is plotted on same sheet, 
prepared from such few statements of x'olume at given heights as 
could be found published. 

The computations of outflow have been made in two ways, 
and the results agree in a general way in showing that a discharge 
of not far from 600 cu. ft. per secund is commonly maintained 
for about three to four months in all, or from 90 to 130 days, 
and it is of particularlar interest to note that this storage is as 
commonly drawn upon in January and February as in mid- 
summer. 

lumbermen's storage. 

It should be remembered in studying records of low water 
gagings of the Hudson, that there is still more or less control 
of sundry lakes by lumberman's dams for purpose of log 
driving, and although according to the topographic map the 

4 
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All of these sources of information, the Mechanicville gagings, the 'Fort 
Edward gagings, the rainfall studies and the comparison of yield per squ^tire 
mile with the yield of the Oroton and other drainage areas from which t;lie 
daily flow has long been gaged, are found to confirm one another remarkabljr 
well, as will appear in the following pages, and as a result of the work of 
the past few months in studying the various records, we can now predict tli^e 
discharge available under various conditions from the proposed Sacanda^a, 
reservoir accurately enough for all practical purposes, and the present est'C- 
mates of ' quantity of power o/vailahle rest on a much more full and reliab l^ 
foundation than is ordinarily available when planning a great poto&r- 
development. 

The sources of data and the results concerning this available Sacandaga 
flow will next be described, with only such fullness as is needed to make 
clear the reliability of the evidence and the methods of estimating. 

Gaoings of Hudson at Mechanicviixe. 

The records which I have used for the monthly flow of the Hudson and its 
tributaries at Mechanicville, Ft. Edward and Warrensburg and Buskirk, are 
found in the annual reports of the State Engineer abd in various water supply 
papers of the U. S. Geological Survey and in Rafter's Hydrology of New 
York and in advance copies of the records of the past year kindly furnished 
me by the U. S. Geological Survey, by the State Engineer and by Mr. E. P. 
Bloss, the Engineer in charge of the water power of the West Virginia Pulp 
and Paper Co. at Mechanicville. 

From October 1, 1887, to November, 1897, the estimates of Hudson flow at 
Mechanicville were computed under the supervision of Mr. George W. Rafter 
from notes placed at his disposal by the mill owners. For later years, the 
records and estimates have been made under supervision of Mr. Bloss, 
Engineer of the West Virginia Pulp and Paper Co., the present owner of 
this power site and paper mill. 

The daily gaging comprises an estimate of the flow passing over the 
crest of the stone dam from gage readings said to be taken twice each day 
and an estimate of the quantity passing through each of the numerous 
turbines of the adjacent paper mill, made up from a record of the number of 
hours run by each, the head acting on the turbine for that day and a state- 
ment of the discharge of a turbine of this size under this head, given by the 
manufacturer of the turbines. Most, if not all, of these turbines are for- 
tunately of models and sizes which have been accurately tested in the 
Holyoke testing flume. 

Check Measubements on Turbine Flow at Mechanicvuxe. 
As confirmation of accuracy of these turbine discharge tables for wheels 
long in use, it is stated that a test made at the mill by Mr. Bloss, Engineer 
of the comipany, of a twenty-nine inch Hercules wheel in use eight years, 
showed the actual discharge, when run at speed of greatest efficiency, to be 
substantially as given in the manufacturer's tables. 

Note. — See report New York State Engineer for 1906, page 677; see Rafter Hydrology 
of New York, 1906, page 366; see also reports of U. S. Geological Survey Water Supply 
Papers No. 202, page 19; No. 166, page 19; No. 126, page 23; No. 97, page 222; No. 82 
page 102; No. 66, page 49; No. 36. page 24. 
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raej For further confirmation of the accuracy of the turbine discharge tables, 

;r k; seTeral check gagings by current meter have been made at the Toll Bridge 

.i^: a short distance down stream from the paper mill at times when no water 

Da:i. "W-as passing over the dam, as follows: 

w,y. On page 581, New York State Engineer's report for 1905, it is stated 

].. that October 10, 1905, the discharge by regular mill record was 5,181 cubic 

v\z ^^^^ P^^ second, while discharge by current meter gaging was 4,900 cubic feet 

.;; ., i>er second. This comparison gives an excess by turbine record of about 5 

J./. per cent. 

On October 20, 1900, another comparison was made, which is reported in 

U. S. Geological Survey Water Supply Paper No. 65 for 1901. The check 

^:, measurement by current meter at Toll Bridge showed 1,871 cubic feet, but 

^ this measurement was not regarded as very reliable because of slack water. 

Meanwhile the discharge computed from the turbine records was 1,977 cubic 

feet, or about 5 per cent, gpreater. 

, It is desirable that further test measurements of this character be made 
in time of drought, for on certain occasions the minimum flow in time of 
drought giiwn in the Mechanicville records is remarkably large and much 
larger than the estimates already quoted from the Census report on page 65. 

Moreover, on trying to analyze the sources of the large flow recorded at 
Mechanic ville in the last of August and the first of September, 1907, in 
view of our gagings on the tributaries and our estinuites of Indian lake dis- 
charge, I am unable to find where so large a fiow all came from. Certain 
records made at the electric power stations at Spier Falls and Mechanicville 
also show lower flows in the drought of 1907 than are given by the standard 
records from the paper mill. 

ACXTURACY OF MEAflUBEMENTS OVEB MeOHANICVILLE DaM. 

The present conditions for accuracy in measuring the flow over the dam at 
Mechanicville are excellent. The dam is of masonry on a ledge foundation 
and has a rounded, level concrete crest, added in the summer of 1904, and 
new discharge tables for this crest have been prepared based upon experi- 
ments made at the Hydraulic Laboratory of Cornell University, (it is not 
stated if the model was precisely similar). 

Mr. C E. Parsons, Chief Engineer, Hudson River Electric Power Co., has 
stated to me that he has repeatedly looked into the matter of the gagings 
at Me<5hanicville and regards them as very accurate. He further states 
his belief that the crests of the river dams at Mechanicville and at Fort 
Edward are seldom obstructed by driftwood so as to interfere with accuracy 
of gaging, and that he has found the Mechanicville crest particularly fre*» 
from obstruction of that kind. 

Prior to the summer of 1904, the Mechanicville dam had a flat masonry 
crest about seven of eight feet in width, inclining downward upstream on 
a slope of about one in eight, as shown in the sketch in N. Y, Hydrology 
1905, page 366. 

It is stated in the published records referred to above, that for the years 
from 1899 to 1904 the discharge was computed by the Francis dam formula 
Tliis formula would apply accurately only at those times when the flash 
boards were removed, which presumably is the case only in time of flood, 
but it is stated that the same formula was used at times when flash boards 
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were in place. When the flash hoards were in perfect condition, this would 
give a slight overestimate which, however, would be offset by the leakn^ 
of the flash boards at other times and by their being occasionally some- 
what bent over. 

For the twelve years 1888-1899, it is stated that during the period when 
flash boards were off the flow over the dam was computed by the Mullen 
formula of the East Indian engineers. I doubt if this formula applied so 
accurately as the Francis dam formula. For that part of the year when 
flash boards were in use, Mr. Rafter used the Francis formula for a sharp 
edged weir, which is doubtless the most accurate of any that could be 
applied to this condition. 

Comparing the mean monthly flow for the years 1898 and 1899 as com- 
puted under supervision of Mr. Rafter from the East Indian formula and 
the weir formula as just described, with the results of computations made 
for the same years under Mr. Bloss day by day with the Francis dam 
formula, the discrepancy in monrthly means seldom exceeds 6 per cent, in 
any one month, and taking the whole year through, the flow as computed 
by the East Indian formula with flash boards, averages about 2 per cent, 
greater than for the computation by the Francis dam formula. 

During the seventeen yearp of gaging prior to the summer of 1904, 
there is perh£,ps a little occasional uncertainty about leakage ^through the 
fliash boards and probably the actual flow would therefore equal that 
recorded, notwithstanding the difference in formulas. 

Since in 1904 when the flash boards were abandoned due to the addi- 
tion of the rounded concrete crest, gaging of the portion of the river dis- 
charge that flows" over the dam is presumably very accurate. 

The uncertainties and differences due to the different formulas used in 
the previous years are less than the probable errors introduced by the tur- 
bine measurement. These errors may be due to turbines being not always 
run at full gate, and due to the leakage through those turbines that ' are shut 
down. There is doubtless at times some retardation of flow due to ice or 
other obstruction upon the forebay screens or in the turbines. 

The writer happens to have had about ten years* experience in making 
daily estimates of river flow under somewhat similar circumstances, and where 
great pains were taken to conflrm the results of turbine measurement by 
independent methods of gaging, and from this experience, although no 
proof can be given as to the precise margin of error, he inclines , to the 
opinion that because of uncertainties about the turbines and flash boards, 
although occasional errors would balance, the precision of measurement 
attained in the Mechanicville gaging as a whole, through turbines and over 
dam, cannot be relied on as closer than 5 per cent, for the average of, say, 
a three year term as used in the mass curve. 

For the average of a single week, errors of 10 per cent, are not im- 
probable, particularly in the period prior to the summer of 1894, at which 
time the masonry crest replaced the flashboards on the dam, and for single 
days there is a possibility of still larger error. It is to be borne in mind 
that the two check measurements by current meter found the method by- 
turbine measurement 5 per cent, in excess of the current meter. For these 
reasons, I have been conservative in the final estimate of Sacandaga power 
and made what I believe due allowance for all margin of uncertainty in 
calling the mean flow available from Saoandaga reservoir 1,700 cubic feet 
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per second; for this figure in effect disoounts 16 per cent, from the quantity 
that is most probable on the face of the returns after studying the greater 
rainfall on the iSacandaga. 

Interpolations. 

No records are found published for the flow at Mechanicville in the month 
of January, 1902, or months of November and December, 1905. To complete 
our record for the mass curve computation, an interpolation based upon the 
Fort Edward record has been used in these places, making due allowance for 
the difference in drainage areas. Similarly for July, August and October, 
1904, while the record at Mechanicville was interrupted during the building 
of a new crest on the dam, the vacancies have been supplied by the use of 
the Fort Edwards records. 

Diversion fob the Chamflain Canal. 

The published record of Hudson river flows at Fort Edward and Mechanio- 
ville requires a small correction to compensate for the diversion of water 
for the supply of the Champlain canal, and since the records previously pub- 
lished in the State Engineer's reports did not make the amount of this cor- 
rection as definite as desired, a special investigation was made at my request 
under the supervision of Mr. H. K. Barrows of the U. S. Geological Survey, 
from which he concludes that during the season while the oanals are in use 
there should be added 200 cubic feet to the Mechanicville record and 180 
second feet to the Fort Edward record. This accords well with the result 
of sundry previous but less complete gagings. 

These corrections of 180 and 200 cubic feet per second are equivalent to 
additions of .07 inches depth of monthly run-off on the watershed tributary 
to Fort Edward and to .05 inches depth of monthly run-off from the water- 
■shed above Mechanicville while the canals are in use. 

The length of the navigation season according to the table given in page 
1,060 of the history of the New York canals, published by the State En- 
gineer in 1905, during the period covered by the gagings at Mechanicville 
and Fort Edward, has averaged seven months, opening about May 1st and 
closing about December Ist. These corrections have therefore been applied 
during the months from May to November inclusive, and are included in 
the tables on pages 104 and 105 upon which the mass curves of Diagram 
No. 2 for computing the Sacandaga storage are based. 

The total diversion into the Champlain Feeder canal from the Feeder dam 
above Glens Falls, in recent years probably has been about 220 cubic feet 
per second, being now much less than in former years when as high as ^3 
second feet have been measured (October 8, 1895). 

This lessening of the diversion at the Stajte fedder dam is due to repairs . 
and to stoppage of the leaks along the course of the feeder canal through 
the town of Glens Falls. 

This feeder canal supplies the summit level of the Champlain canal, and 
therefore a portion of the water flows northward into Lake Champlain, and 
a portion flows southward, returning into the Hudson where the canal enters 
the river for the boats to cross it above the Saratoga dam, 

A second diversion from the Hudson occurs into the canal leading south- 
ward from the Saratoga dam, and a gaging made in the canal as aearly 
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opposite as practicable to the gaging station at Mechanicville shows this 
to average about 110 second feet, which added to the 90 second feet diverted 
northward into Lake Champlain makes the 200 second feet of diversion that 
must be added to the Mechanicville gaging station when reckoning the yield 
per square mile from its watershed. 

Of this 220 second feet now diverted from the Hudson, about 90 second 
feet flows northward into Lake Champlain, and although nearly all of the 
remaining 130 feet ultimately reaches the Hudson, some of it by. leakage 
above Fort Edward, the most of it does not get back into the Hudson until 
some miles below Fort Edward where the canal crosses the river. The 
addition necessary to compensate the Fort Edward gagings so they will 
show the entire yield of the drainage area is found by measurement to be 
180 cubic feet per second. 



Runoff of Hudson Riveb at Mechanicville fob the 

Water Years 1888-1907, Inclusive. 

{In inches depth over entire catchment area.) 

{Catchment area — 4,500 square miles.) 

Corrected for canal diversion^ May to November, inclusive. 



MONTH. 


1888. 


1889. 


1890. 


1891. 


1892. 


' 1893. 


1894. 


December 


2.05 
1.62 
0.89 
1.75 
6.26 
5.54 


2.67 
2.81 
0.88 
2.12 
3.39 
2.32 


3.39 
2.89 
1.83 
2.85 
3.73 
4.64 


0.83 
2.12 
2.70 
4.55 
4.97 
1.47 


2.27 
4.83 
2.22 
2.80 
5.35 
6.08 


1.03 
0.82 
1.09 
2.11 
4.44 
5.76 


1 85 


January 

February 


1.73 
1 12 


March 


3.78 


April 


2.76 


May 


1.99 






Storage period 


17.11 


14.09 


19.33 


16.64 


22.65 


15.25 


13.23 


June • . . 


1.27 
0.44 
0.49 


1.76 
1.52 
1.14 


1.88 
0.56 
0.57 


0.84 
0.65 
0.73 


3.13 
2.43 
1.46 


1.24 
0.70 
1.33 


1.81 


July 


0.86 


Auffust 


0.68 






Growing period 


2.20 


4.41 


3.00 


2.22 


7.02 


. 3.27 


3.35 


September 


0.76 
1.23 
2.69 


0.64 
1.01 
2.01 


2.24 
2.41 
2.31 


0.56 
0.43 
1.06 


1.16 
0.77 
1.94 


1.75 
1.04 
0.95 


0.52 


October 


0.99 


November 


1.63 






Replenishing period. 


4.68 


3.56 


6.96 


2.06 


3.86 


3.74 


3.14 


Yearly total 


23.99 


22.06 


29.29 


20.91 


33.43 


22.26 


19.72 
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Runoff of Hudson River at Mschanicviija idb the 

Water Years 1888-1907, Inclusive. 

^ {In inches) 

{Catchment area — 4,500 square miles) 

Corrected for canal diversion, May to November, inclusive. 



MONTH. 


1895. 


1896. 


1897. 


1898. 


1899. 


1900. 


1901. 


December 


1.12 
0.99 
0.82 
1.08 
5.91 
1.81 


2.79 
1.74 
1.12 
3.49 
6.20 
1.23 


1.77 
1.03 

S:?§ 

4.73 
3.09 


3.67 
1.97 
1.56 
5.18 
3.40 
2.88 


1.40 
1.71 
1.22 
2.47 
5.86 
2.54 


1.86 
1.50 
2.88 
1.98 
5.60 
2.35 


1.36 


January 


0.79 


Febniftry 


067 


Ma?™^.:::; 

April 


2.00 
7.03 


May.:;;::::::..:... 


3.04 






storage period 

June 


11.73 

0.76 
0.71 
1.06 


16.57 

1.23 
0.77 
0.68 


14.65 

2.99 
2.79 
2.16 


18.66 

1.35 
0.69 
1.35 


15.20 

0.70 
0.67 
0.41 


16.17 

1.06 
0.65 
0.74 


14.89 
1.98 


July 


0.96 


Au^st 


1.23 






Growing period. ..... 


2.51 

0.70 
0.74 
2.18 


2.68 

0.76 
1.10 
2.87 


7.94 

0.73 
0.70 
2.52 


3.39 


1.78 


2.45 


4.17 


September 


1.01 
2.07 
2.34 


0.66 
0.72 
1.63 


0.52 
0.59 
1.29 


1.05 


October 


1.18 


November .......... 


0.97 






Replenishing period. 


3.67 


4.73 


3.95 
26.54 


5.42 
27.47 


2.91 


2.40 
21.02 


3.15 


Yearly total. , . . . . 


17.81 


23.98 


19.89 


22.21 



MONTH. 


1902. 


1903. 


1904. 


1905. 


1906. 


1907.* 


December 


2.16 
(0.99) 
1.58 
6.36 
3.77 
2.08 


2.11 
1.80 
8.28 
7.92 
3.47 
0.95 


1.36 
1.49 
1.64 
2.83 
5.14 
3.46 


1.00 
1.56 
0.82 
2.41 
5.64 
2.14 


• 

(2.01) 

2.39 

1.77 

2.31 

5.11 

3.49 


1.24 


January 


2 59 


February 


1.02 


March. 


2 41 


Aniil , 


4 16 


mSv. *.;:::::::::::::;:!:::::: 


3.55 






Storase period 


16.94 

1.61 
2.33 
1.66 


18.53 


15.92 


13.57 


17.08 


14.97 






June '. • • . 


2.15 
1.30 
1.50 


1.73 
(0.96) 
(1.26) 


2.39 
1.81 
1.49 


2.35 
1.53 
0.94 


1.54 


July 


1 05 


August 


0.50 






Growing period i . . . 


5.60 


5.01 

1.07 
2.64 
1.48 


3.95 


5.69 


4.82 

0.81 
0.91 
1.32 


3.09 


September 


0.95 
1.81 
1.63 


1.70 
(2.70) 
1.20 


3.03 
1.60 
(1.94) 


1.34 


October 


2 46 


November 


3.58 






Repleni^Mng period 


4.39 


5.19 


5.60 


6.57 


3.04 


7.38 






Yearly total 


26.93 


28.73 


25.47 


25.83 


24.94 


25.44 







* From advance copies of daily record, kindly furnished by Mr. R. P. BIoss C. E. 
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AOGUBACY OF FOET EdWABD GaQINGS. 

The oonditions for accurate gaging at Fort lEdward are decidedly less 
favorable than at Mechanicville. The methods followed are much the same 
at the two places, but at Fort Edward the number of turbines is larger 
and their uncertainties correspondingly greater, and it is possible that the 
making of the record is less closely supervised. 

The main source of uncertainty in the Fort Edward gagings affects the 
results only in time of high water. This is due to a flood spillway whose 
crest is about level with the top of the flash boards, and which is of such 
irregular form that it caused uncertainty in the computation of the flow 
through it. 

In New York Hydrology, page 375, Mr. iRafter says of the measurement 
through this flood spillway, that the computations may at times of high 
water ^ as much as 25 per cent, in error. (This percentage is understood 
to apply only to the portion flowing through the flood spillway and not to 
the larger portion over the main dam 587.6 feet loug), and that for a num- 
ber of years, he was unwilling to publish the record, but has since reviewed 
it, recomputing a portion. 

Mr. H. K. Barrows, Hydrographer, U. S. G. S., considers that the gaging 
records at Fort Edward are probably from 6 per cent, to 10 per cent, in 
error at times, owing to the large number of turbines used in the record 
and the poor condition of the dam for gaging, especially at its right end, 
but also states that the Mechanicville records are probably accurate inside 
of 5 per cent., since the Mechanicville dam is in excellent condition, and the 
records of flow are closely looked after by a competent engineer. 

In Water Supply Paper 160, page 18, it is stated that the drainage area 
above the Fort Edward dam is 2,800 square miles, that the timber dam 
rests on a elate ledge foundation and has but little leakage, that the crest ia 
straight and nearly level and 287.6 feet long. In other Water Supply papers, 
it is stated that new and accurate profiles of the crest were made in 1903 and 
again in 1906, and used in determining the discharge. A photograph of 
this dam is shown in New York Hydrology, page 628. 

In Water Supply Paper No. 65, page 48, it is stated that a record is kept 
of the height of the flash boards and of the heights. of their setting and 
removal, and that the flow at that time, 1901, was computed by the Mullen, 
or East Indian Engineers formula. 

In Water Supply Paper 125, for 1004, it is stated that for those periods 
while the flash boards are off, the discharge has in more recent yeare been 
computed in accordance with experiments made by the Geological Survey 
upon a model dam of this form. With flash boards on, the discharge is 
computed according to the Francis thin edged weir formula.. 

In the dry season, very little water passes over the dam, all or nearly 
all passing through the sixty- two turbines in the adjacent paper mill. 

These water wheels are stated to be nearly all of modern types which have 
been tested at the Holyoke flume. A record is kept of the number of hours 
run by each turbine and of the working head, which is usually nineteen feet. 
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Check measurements have occasionally been made by current meter at a 
bridge downstream from the Fort Edward water power. In Water Supply 
Paper U. S. G. S., page 48, it is stated that check measurement made July 26, 
1900, by current meter at bridge below dam, showed 2,704 second feet, while 
t'he computed discharge from turbine diagrams varied from 2,420 to 2,720 
cubic feet, the average by the turbine diagrams thus being 6 per cent, less 
than by the current meter gaging. 

There are a few obvious errors in the Fort Edward record, viz., the 
monthly flows for December 1897, and December 1898. For these periods, 
interpolations based on the Mechanic ville gagings have been used. 



Run-off of Hudson Rjveb at Fobt Edward fob the 

Wateb Years 1896-1907, Inclusive. 

{In inches depth over catchment area.) 

{Catchment area — 2,800 square miles) 

Corrected for canal diversion. May to November, inclusive. 



MONTH. 


1896. 


1897. 


1898. 


1899. 


1900. 


1901. 


December 


1.97 
1.40 
0.96 
2.62 
6.46 
1.68 


2.61 
0.66 
0.64 
2.32 
6.05 
3.87 


1.12 
1.51 
5.75 
4.J1 
2.93 
3.00 


(1.40) 
1.95 
0.70 
2.05 
6.69 
3.90 


2.12 
1.32 
2.64 
1.61 
6.74 
2.68 


2 10 


January 


76 


February 


67 


March. 


1 41 


Aoril 


8 46 


SSy..;:::::::::::::::::::::: 


3 52 






Storage period 


15.09 


16.14 


18.42 


16.67 


17.11 


16 90 






June 


1.65 
1.17 
0.61 


3.95 
3.67 

2.82 


1.47 
0.63 
1.25 


0.70 
0.54 
0.37 


1.20 
0.58 
0.76 


2.67 
0.97 
1.10 


July 


August. . . . ^ 




GrowincT Deriod 


3.33 


10.44 

oTes" 

0.64 
3.07 


3.35 

0.87 
1.46 
2.18 


1.61 

0.60 
0.49 
2.10 


2.63 

0.61 
0.57 
2.09 


4.64 




SepteiPb^r ........,.,..-.-.- 


0.70 
1.46 
3.66 


1.06 
1.17 
0.92 


October 


November - ..... r 




-R-eDlenishincr T>ei1od 


6.71 


4.36 


4.60 
26727~ 


3.10 
21.49 


3.17 
22.81 


3.16 




Yearly total 


24.13 


29.94 


24.69 
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MONTH. 


1902. 


1903. 


1904. 


1906. 


1906. 


1907. 


December 


1.96 
0.99 
0.82 
6.47 
2.81 
2.00 


2.03 
1.63 
1.96 
7.02 
2.64 
1.12 


1.46 
2.02 
1.27 
2.88 
6.38 
4.29 


0.93 
1.17 
0.83 
1.83 
7.08 
2.61 


2.01 
3.12 
1.96 
2.56 
6.49 
4.63 


1.42 


January 


3.13 


February 


1.27 


March 


2 79 


April 


6.36 


MSy;;::::::::;:::::;:::::::: 


4 66 






Storage period *. . . 


14.06 


16.19 


18.30 


14.35 


20.77 


18 62 






June 


1.78 
3.03 
2.02 


2.94 
1.96 
1.91 


2.10 
0.98 
1.28 


3.66 
2.76 
1.69 


2.94 
2.16 
1.22 


1.76 


July 


1.18 


August 


0.77 






Growing period 


6.83 

1.06 
2.06 
2.16 


6.80 


4.36 


8.00 


6.31 


3.71 






September 


1.30 
2.82 
1.65 


1.17 
2.72 
1.21 


3.59 
1.86 
1.94 


1.26 
1.36 
1.84 


1.48 


October 


3 08 


November 


4.16 






Replenishing period 


6.26 


5.67 


6.10 


7.39 


4.46 


8.71 






Yearly total 


26.14 


28.66 


27.76 


29.74 


31.63 


31.04 







Gaoinos of Sohboon Riveb at Wabbensbubg. 

There is available a record of the flow of the Schroon for a few years, 
which is probably much less precise than that at Mechanicville and some- 
what less precise than the Fort Edward record, but since the Schroon is 
one of the largest tributaries of the Hudson and comes from a watershed 
of somewhat different characteristics, where according to the isohyetal maps 
the rainfall is somewhat less than for the Sacandaga or the central and 
mor'^ elevated portions of the Adirondack plateau, it has appeared wise to 
make the best possible comparison of tlie Schroon and Fort Edward gagings 
as one more check upon our estimates of the Sacandaga yield. 

The gaging of the flow of the Schroon is said to have been begun in 
November 1895, in connection with studies for Adirondack storage, reported 
upon in the N. Y. State Engineer's report for that year. 

The State Engineer's report for 1901, page 541, presents records of daily 
flow from November 1895 to December 1901, and gives a description of the 
gagings, substantially the same as that found; in U. S. G. S. Water Supply 
Paper No. 65, page 45. 

In U. S. G. S. Water Supply Paper No. 82, page 100, the daily flows are 
given for January, February, and March, 1902, and it is stated that owing 
to a change in management, the data for the remainder of the year were 
not available at time of publication. Water Supply Paper No. 97, page 222, 
states that records were maintained during 1903 under the supervision of 
R. E. Horton, Hydrographer, but publication was withheld awaiting addi- 
tional data to confirm results. 

The original record is understood to consist of a single daily measure- 
ment of depth flowing over the dam of the pulp mill at Warrensburg and a 
daily record of the hours run by the turbines. 

The mill dam was of timber, was built in 1893, and stated in Water 
Supply Paper No. 35, page 58, to then have been " tight as any of its kind,^ 



Studies of Water Poweb Development. 109 

but Mr. W. Greenalch, then assistant to Mr. Rafter, considered the esti- 
mates of flow at Warrensburg vitiated by the leakage through this dam 
and by the changes of the flash boards upon it. It appears probable that 
this leakage increased from year to year. 

Mr. G. W. Rafter in New York Hydrology 1905, pages 400--403 givw a 
summary of the records for the Schroon and states that at the time of his 
inspection in October, 1895, with the pulp mill shut down and the Starbuek- 
ville dam tightly closed, the bed of Schroon river below Warrensburg was 
nearly dry, the flow not exceeding one to two cubic feet per second. He 
states that reports indicate that tlie leakage at a later date might be any- 
where from 30 to 50 cubic feet per second. 

In 1899, the average low water flow of the Schroon river at Warrensburg 
was estimated at 150 cubic feet per second, this being the assumed leakage 
of the Starbuckville dam at that time. 

In time of low water, the mill was shut down, and whatever flow was not 
held back by the storage dam which controls the outlet of Schroon Lake at 
Starbuckville, came down the river and leaked through the Warrensburg 
dam. No daily record of flow was kept when the mill was not ruiuiing. 

The leakage of its dam, flash boards and flume on August 9, 1900, measured 
at a point one-half mile down stream from the dam in the open channel by 
current meter, was found to be 285 second feet. 

This quantity was taken as fairly representative of the average low water 
flow and leakage in 1901, when making up the estimates published in the 
reports of the U. S. Geological Survey and the reports of the N. Y. State 
Engineer, which I have used. 

For computing flows over the dam when flash boards are on, the Francis 
weir formula was used. When there are no flash boards, a formula derived 
from th% Cornell University experiments on a model of similar shape is used. 

The pulp mill ran twenty-four hours per day for so much of the year 
as there was water to supply it, and being the only water power upon the 
Schroon, its owners controlled the flow for the beneflt of the pulp mill by 
a dam on the outlet of Schroon lake, by which it is said water stored to a 
depth of from four to five feet on an area variously stated at from seven to 
nine square miles, is let down as required for use during the summer months. 

In comparing the curves for Schroon yield with those of the main river, 
it should therefore be kept in mind that the Schroon has a flow regulated 
by storage, while the only other storage of which the main river has the 
benefit is that of Indian lake and perhaps a few lumbermen's dams. 

While it is plain from the above description that these measurements of 
daily or monthly flow on the Schroon are not precise, it has been thought 
worth while to consider them, but only as checks, in relation to the esti- 
mates of Sacandaga yield deduced from the Mechanicville gagings. 

Gagings of Hoosic Riveb at Buskibk. 

A study of these gagings also is useful in confirming the estimates of 

Sacandaga flow, the Hoosic being another of the important tributaries which 

enter above the main gaging station at Mechanicville. The record of the 

Hoosic flow is of special interest because this comes from a drainage area 
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whose rainfall is probably smaller than the average for the entire area above 
Mechanicville, probably averaging about 30 or 40 inches for the long term 
mean, and probably falling in extreme years as low as 28 or 29 inches, as 
shown by a study of the short-term records for Greenwich, Baston, Gam- 
bridge, Hoosic Falls, Eagle Mills, Lebanon Springs and a study of the iso- 
hyetal map. 

The rainfall at Williamstown, Mass., a fairly representative locality for 
this drainage area, from 1852-1906, averaged 39.4 inches. The drainage 
area is in general rugged and steep, tending to rapid discharge. 

The records of stream flow gagings may be found in reports of New York 
State Engineer for 1905, page 573, with hydrographs, complete records of 
daily discharge from the beginning to December 31, 1905, inclusive: 

U. S. G. S. Water Supply Paper No. 202, page 23. 

U. S. G. S. Water Supply Paper No. 106, page 25. 

U. S. G. S Water Supply Paper No. 125, page 25. 

U. S. G. S. Water Supply Paper No. 97, page 219. 

The gaging station was established September 24, 1903. The height is 
read twice daily, and estimates of flow made from a rating curve established 
by occasional current meter measurements. In winter, flow is more or less 
retarded by ice, and although the height-gage may be read daily as usual 
for much of the time, the estimate rests largely upon assumptions about the 
degree of obstruction caused by the ice. 

There are omissions in the published record for February 1906, which 
have been supplied by interpolation. From December 4, 1906?, to March 15, 
1907, the daily estimates have also been omitted because of ice. 

It is understood that some careful studies of the flow when obstructed by 
ice have been made, corresponding to certain readings of height-gage, and it 
is expected that additional precise measurements of flow under the ice will 
be made during the present winter. 

As a whole, these estimates of the daily and monthly discharge of the 
Hoosic riv^r at Buskirk appear fairly reliable. The mass curve has there- 
fore been computed and plotted for comparison with the diagrams of Plate 3. 

Ibbegularities Due to Spieb's Falls Power Plant. 

The development and use of the power station at Spier's Falls has intro- 
duced seriouff disturbances in the flow of the river from hour to hour, ac- 
cording to the varying demand for electrical power at different hours of 
the day. 

Not only has this disturbed the operation of the paper mills at Glens 
Falls, and Fort Edward, but it has possibly interfered somewhat with the 
accuracy of the estimates of stream flow, because of the height over the dam 
being measured only twice in each twenty-four hours, and because of the 
more frequent changes caused in the operation of the turbines at times when 
no flow is passing over the dam. 

The storage in the ponded river between Spier's Falls and the feeder 
dam tends to smooth out this irregularity, and the storage in the smaller 
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pond above the dams at Glens Falls and Sandy Hill tend to make the flow 
somewhat more regular at Fort Edward, and by the time Mechanicville is 
reached, this hourly irregularity has doubtless Sn large measure disappeared, 
so that error from this cause should not be serious at Mechanicville. 

Mass Cubve Computations. 

The best method known to the writer for computing the yield of a water- 
shed from a continuous series of gagings and for at the same time determin- 
ing the volume of reservoir storage required to store the flood waters for 
use in season of drought so as to maintain a specified constant rate of flow, 
is that known as the mass curve method.* 

Briefly described, the method consists in adding up the totals of the daily 
or monthly yield from month to month for the whole period of gagings 
under coi^ideration, then plotting the successive steps of accretion of the 
mass as an irregular line or " mass curve/' Any desired rate of draft may 
then be assumed, and its successive sums plotted to the same scale, and if a 
uniform rate, this draft curve forms a straight inclined line, and if it is 
made to start co-incident with some point or summit on the "mass curve," 
the divergence of the two curves at successive points serves to show the 
volume of storage that would have been required on this date to have main- 
tained the required rate of flow up to that time. 

Since our river flow problems start with rainfall data given in inches 
depth over the entire watershed, this form of unit of measurement is com- 
monly most convenient in studying the problems of reservoir depletion. 

Mass curves for the Hudson river records at Kechanicville and Fort 
Edward and for the record of flow of its tributaries, the Sehroon and the 
Hoosic, covering the whole period of observations, are presented in diagrams 
on plate No. 3. 

A mass curve for the flow of the Croton is also shown during the period 
of smallest rainfall and greatest storage need that has occurred during the 
nineteen years covered by the Mechanicville gagings, because of the fact that 
the Croton records, maintained by the New York Department of Water 
Supply, present the most accurate and longest record of gagings of stream 
flow available within the State of New York and go back to a series of 
years of low rainfall more severe than has occurred since gagings on the 
Hudson were begun. 

A study of the Hudson-MechanicviUe mass curve makes it plain that on 
the Mechanicville basis, without addition for the relatively larger rainfall 
of the Sacandaga, with the great volume of storage proposed in the Sacandaga 
reser/oir, which permits carrying over the surplus of years of large rain- 
fall for use in years of small rainfall, a run-off of 1,700 enbie feet per eecond 
equivalent to 22 inches in depth from over the entire watershed, could 
have been maintained throughout every one of the twenty years since the 
beginning of the gagings at Mechanicville, and that the maTJmum depletion 
of slorage caused at any time by this rate of draft would have amounted 
to 10.4 inches on the Sacandaga watershed of 1,050 square miles, equivalent 
to twtnty-flve billion cubic feet depletion of the proposed Sacandaga reser- 

* Note. — ^This mnthod is explained in detail in the report on New York's Water Supply 
made to Bird 8. Coler, Oomptroller, by John R. Freeman, 1900, page 227 . 
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Toir, corresponding to the Tolizme contained between elevation 763 and eleva- 
tion 737/ 

' Allowance fob Evapobatiow fbom the Resebtoib Sukface. 

The best data on evaporation yet available are those determined from the 
experiments of Mr. Desmond Fitzgerald, made on the Boston water works 
and published in 1889; but owing to the greater altitude and greater cool- 
ness of the Adirondack region, it is probable that the loss from the water 
surface of the proposed Sacandaga reservoir would be somewhat less than 
found at the Chestnut Hill reservoir near Boston, where Mr. Fitzgerald's 
average results gave 39 inches annually for the mean value. 

Mr. H. K. Barrows, Hydrographer, U. S. Geological Survey, has for three 
years past conducted experiments upon evaporation at several of the Maine 
lakes, and finds for the mean annual value, only 29 inches. Taking the 
mean of this and the Fitzgerald determination, we have 34 inches, and I 
believe this is about what may be expected from the Sacandaga reservoir, 
but in estimating the yield we have included the reservoir surface as a part 
of the drainage area, and therefore we do not have to deduct from the yield so 
large a quantity as the equivalent of 34 inches depth from the entire surface 
of the proposed Sacandaga reservoir. 

The present problem is to determine the loss of water due to substituting 
a water area, varying from 42 to 26 square miles according to fullness of 
reservoir, for an equal land area from which there is at present a considerable 
loss by the evaporation of the rain that falls upon it, and which loss as 
found by deducting the .run-off of 24 inches from the rainfall of 45 inches, 
averages 21 inches. 

The total yearly loss by increased evaporation, due to flooding this land, 
therefore is 34 inches evaporation from a water surface minus 21 inches 
evaporation from a land surface, which gives 13 inches of increased loss over 
this area. 

The area of water surface exposed to evaporation will lessen as the reser- 
voir is lowered. It we call the average area of water surface 37 square 
miles, the loss of 13 inches depth over this area, due to substituting a water' 
surface for a land surface is equivalent to about 36.0 cubic feet per second 
of constant flow daily throughout the year, which should be deducted from 
the yield as computed from the mass curves. 

In the method of computation adopted above, we have included the area 
of the reservoir itself as a part of the drainage area and have made due 
allowance for this water surface being less efficient than the land surface 
as a gathering ground, because of its greater evaporation. Taking the mean 

*NoTE. — The area of the Sacandaga watershed above its mouth at Hadley is given in the 
publications of the New York State Engineer and the United States Geological Survey as 
1,040 square miles. 

The topographic maps of the State, made in co-operation with the United States Geo- 
logical Survey, were not all available at the time of these earlier estimated, and indeed one 
sheet (Stony" Creek) is lacking at the present time. ^ ^, ^ , . 

From carefiiUv tracing out the watershed line on all of these topographic maps and plan!- 
metering it and taking the Sacandaga area for the missing Stony Creek sheet from the best 
mans available, we find the area above Conklingville dam site is 1,050 square miles. 

There is, however, some doubt as to where the dividing line should be drawn in the vicin- 
ity of Peck Lake, some five miles northerly from GloversviUe, which according to the topo- 
graphic maps has two outlets.^ , ^ ^ . . ^ ,. .^ «. ^ , 

This should be investigated and the drainage area revised whenever the Stony Creek 
sheet of the topographic survey is available. 
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rainfall of this immediate locality as 45 inches and deducting for the prob- 
able evaporation from a water surface 34 inches, leaves 11 inches net gain 
in depth during the year upon the reservoir surface, exclusive of the stream 
flow into it. 

• The total loss by evaporation from the reservoir during the year taken at 
34 inches in depth, is equivalent to a constant flow averaging for the year 
about 95 cubic feet per second, but during the months of July and August, 
in each of which a monthly loss of about 5.6 inches in depth of evaporation 
from a water surface may be expected, the equivalent constant uniform rate 
of loss in these months is about 156 cubic feet per second. 

The recent experiments of the U. S. Reclamation Service made in Nevada, 
!^ow th« loss from a broad lake is proportionally lees than from the ordinary 
experimental tank or than from a small reservoir. 

The rate of flow from the entire Sacandaga watershed as measured near | 

the end of the uncommonly severe drought of the past summer about Sep- | 

tember Ist, was 130 feet per second. We thus see that the evaporation loss i 

from the lake surface may at times slightly exceed the inflow, so that the | 

lake under these conditions of extreme drought would be lowered about one- | 

. thirtieth of an inch per day due to evaporation, although its outlet gates i 

were shuit tight, and its inflow was 130 second feet. In other words there j 

toill seldom or never he a drought so severe that the inflow will not supply 
the evaporation loss. 

The net evaporation loss from the total watershed of 1,050 square miles, 
due to this water surface of nearly 40 square miles, is an extremely small 
portion of the total regulated flow, the 36 cubic feet per second of mean annual 
evaporation loss from the Scandaga reservoir as reckoned above being but 
2 per cent, of the estimated yield of 1,700 cubic feet per second. We thus 
see that there need be no fear that the loss of water from so great a 
lake surface will be a serious feature in the problem. 

Depletion Diaobam. 

The table following and the diagram presented on plate No. 3, show the , 

reservoir depletion that would have occurred with a constant twenty-four 
hour discharge for every day in the year at various rates from 1,700 cubic 
feet per second down to 1,475 cubic feet per second, the inflow to the reser- 
voir being computed at the same rate per square mile as was actually 
measured at Mechanicville, and thus for the moment ofTsetting the 10 per 
cent- to 15 per cent, greater yield per square mile of the Sacandaga water- 
shed to compensate for this evaporation and the possible margin of uncer- 
tainty in the Mechanicville gagings. 

It is of interest to note from diagram No. 3 that in all the years since 
the gagings began, excepting the remarkably dry years of 1895 and 1901. the 
depletion called for by this very large constant discharge of 1,700 cubic feet 
per second, corresponding to 22 inches of annual run-off, would have 
amounted on the average to only about ten billion gallons, corresponding to 
lowering the reservoir only about 10 feet below its spillway level. It will 
also be seen from this diagram that in most years, water would have wasted 
over the spillway most pf the time during the months of April and May. 
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This diagram of ^ate No. 4 is particularly interesting in showing how 
great the depletion of the reservoir below high water mark would have been 
from month to month throughout the past nineteen years, had constant quan- 
tities of 1,700 or 1,624 or 1,550 cubic feet per second, twenty-four hours per 
day been continuously drawn. It is, however, based on the Mechanicville. 
gagings and therefore under estimates the Sacandaga yield. 

The average rainfall per square mile of the Sacandaga drainage is ^hown 
by pur isohyetal map of the Adirondack region on plate 10 to be probably 
15 per cenft. larger than that of the entire Hudson drainage area aibove 
Mechanicville, and therefore if precise accuracy of Mechanicville gagings be 
granted, it is probable that alter allowing 2 per cent, for evaporation loss, 
13 per cent, more water could be drawn with about the same depletion oho'wn 
on this diagram, or say, about 1,900 cubic feet per <seoond instead of 1,700. 
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CONFIBMATION BT OtHEB GaQINGS. 

According to the long series of daily gagings at Fort Edward, the compu- 
tations show a draft of 23 inches, corresponding to 1,775 cubic feet per second 
on 1,050 square miles, could have been maintained from the Sacandaga 
reservoir throughout this period with a decidedly smaller depletion than 
called for by the Mechanicville gagings, and the gagings on the Schroon and 
the Hoosic tributaries as set forth in the preceding table call for still less 
storage to maintain 23 inches of run-off, notwithstanding the mean rainfall 
on Hoosic is about 10 inches less than on the Sacandaga, so that all four of 
these series of daily gagings made upon the upper Hudson and its tributaries, 
independently confirm the feasibility of regulating the discharge of the 
Sacandaga with twenty-five billion cubic feet of storage, so as to provide 
for a constant rate of flow of upward of 1,776 cubic feet per second. Taking 
account of differences of rainfall on the respective drainage areas, they 
conform the estimate of 1,900 cubic feet per second already stated on page 114. 

Comparison with the Cboton Recobds of Rainfall and Run-off: 

On making a comparison with the Croton records, the direct comparison 
is somewhat less favorable, until allowance is made for differences in rain- 
fall, forest cover and evaporation. Assuming the run-off per square mile the 
same, it appears that for the years 1892 and' 1895, which were dry years on 
the Croton, a discharge of 1,500 cubic feet per second could have been at 
all times furnished from a watershed of 1,050 square miles if storage of 
twenty-five billion cubic feet was available. In other words, the Croton 
record would indicate about 200 cubic feet per second less of constant draft 
would be obtained from an area equal to the Sacandaga drainage in the 
period from 1898 to 1907, than is given by the, Mechanicville record for 
the same period. 

As a warning against the smaller yield that may be expected in years of 
still smaller rainfall than any since 1888, or in what was probably the dryest 
year for more than half a century, the long term Croton records pre- 
sented in the reports of the Croton Aqueduct Commission and discussed in 
detail in my report on New York's Water Supply made to the finance de- 
partment in the year 1900, are of especial interest. 

These records indicate that during the years from 1880-1882, which years 
gave the smallest run-off ever known, a flow of about 1,325 cubic feet per 
second could have been constantly maintained from a watershed of the same 
quality as the Croton having an area of 1,050 square miles and twenty-five 
billion cubic feet of storage available. This is about 200 cubic feet less 
than the Croton could have been maintaine'd in the drought of 1895. The 
Sudbury records of the Boston water works concur wonderfully well with 
the Croton records in showing the same yield per square mile and the same 
storage requirement for the dry period of 1880-1882. 

There can be no doubt that the yield per square mile of the forest-covered 
Sacandaga drainage is decidedly larger than for the Croton drainage area. 
The long term Croton rainfall average is 49.13 inches, for the 40 years 1868 
to 1907 inclusive. The Sacandaga rainfall deduced from our preliminary 
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iaohyetal m&p ifl forty-xiine inches. The Sacandaga run-off will be much more 
in excess than the rainfall, because of the much larger proportion of forest 
and the hi^er altitude and the less evaporation. 

The weir gagings of the New York Board of Water Supply on l>9opus creek 
for the year 1907 show that the Catskill region gives a yield per square mile 
10 per cent, larger than the Croton, although the rainfall at the Croton 
stations was 15 per cent, larger than for the Esopus stations. The real excess 
in runoff for this forest-covered mountain region was thus about 26 per cent, 
by this one year's observations. 

The requirements for a water power are less exacting than those for 
domestic supply, so that independently of the Croton data for periods of 
drought and after allowing for a smaller evaporation loss, it seems safe to base 
our Sacandaga water power estimates upon a run-off on a yield decidedly 
larger than the Croton records of 1,325 cubic feet for the years of greatest 
drought in the past half century, or than the 1,500 cubic feet per second for 
the greatest Croton drought of the past twenty years, and to rely upon at 
least the 1,700 cubic feet per second already mentioned. 

Yield of Sacandaga Dbainage Area Compabed with Yiixd of Hudson 
RiVEB at Mechanicville. 

Since it is the twenty years* record of daily gagings on the main Hudson 
river at Mechanicvillc, where the drainage area is 4,500 square miles, from 
which we have in the first instance determined the probable yield of the 
Sacanjuiga drainage of 1,050 square miles, it is important to know if the 
Sacandaga yields more or less per square mile than the remaining 78 per 
cent, of the Hudson river drainage above Mechanicville. 

The most reliable method of determining this is by the comparison of cer- 
tain series of stream gagings on the respective watersheds. I arranged for 
these at the earliest practicable date and am under much obligation to the 
hydrographers of the U. S. Geological Survey for the promptness with which 
they undertook this work, thereby obtaining a series of comparative measure- 
ments of the flow of several tributaries at the close of the remarkably severe 
drought of August, 1907, and prior to the beginning of the unusual heavy fall 
rains of this year. 

The work of the hydrographic branch of the U. S. Geological Survey in 
its gagings of streams in New York, had been interrupted by failure of the 
last Congress to make the necessary appropriation, and as the survey had 
at its conmiand experienced men admirably qualified for undertaking this 
work, an arrangement was . made with the chief hydrographer by which 
certain gaging stations upon the upper Hudson and its tributaries were 
established, this work being paid for out of the funds appropriated by the 
Fuller bill, to the extent of reimbursing the Geological Survey for its 
actual expenditure in wages and traveling expenses of the men employed. 

This arrangement has proved very satisfactory. The gagings have been 
under the personal supervision of ]^. H. K. Barrows, a hydrographer of 
much experience. The gage heights have been read daily and frequent current 
meter measurements have been made for establishing a rating curve at each 
station. The remarkably heavy rains of September, October and November 
gave uncommonly good opportunity for obtaining a wide range of rating 
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measurements. Looking backward, it is now easy to see that check measure- 
ments at Indian lake, heights in Schroon and other smaller storage lakes and 
check gagings at Mechanicville, would have been useful, and these should be 
taken during the coming year. 

We made an earnest effort to obtain an elaborate series of rain-gage 
records to accompany these streams gagings, but owing largely to a failure 
to receive the necessary instruments on time, there was an unfortunate 
delay in beginning the record at the new stations. 

The* results of the gagings are shown in plate No. 3 and a brief abstract 
of the comparative results on the several subdivisions of the Hudson water- 
shed is shown in the following table. 

It will be noted that the flow of the Schroon is out of proportion to the 
flow of the other tributaries, by reason of the storage of three feet more or 
less in depth over the six and seven-tenths square mil^ area of Schroon 
lake, and as storage was being accummulated during this period from its 
watershed of 439 square miles above the Starbuckville dam, some disturbance 
is caused in its discharge record for these few months, which would disappear 
in the average of a year or more of daily observations. 

The results plainly show that the Sacandaga responds to a rainfaU more 
vigorously than the other trihutarieSf and that its yield per square mile is 
decidedly larger at all times, except near the end of an extreme drought. 

The flow at Mechanicville at this time after the heavy rains was also 
thrown very slightly out of direct relation to the natural yield of the water- 
shed, because of the flow from 131 square miles or nearly 3 per cent, of the 
drainage area above Mechanicville being withheld for the replenishing of 
storage in Indian lake. Until September fourth, the flow of the Hudson had 
been increased from time to time by water from Indian lake as is set forth 
on diagram in plate No. 6. 
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The flow of 775 second feet gaged at North creek on August twenty-ninth 
came mostly from Indian lake. Probably somewhere near 650 feet of the 
flow, at North Creek, Thurman, Ft. Edward and Mechanicville at this time 
was coming from Indian lake, and in column six, a deduction, varying from 
day to day, has been made for this in order to obtain the natural flow. 

One of the Indian lake sluice gates happens to have been shut on August 
28th to September 1st inclusive. Both sluice gates were wide open at all 
other times, August 17th to September 4th. This somewhat disturbs the 
precision of this part of the comparison of gagings on Hudson. 

Natubal Yield without Storage in Time or Dbouoht. 

For the Sacandaga. 

The three independent gagings at Wells, Northville and Hadley given in 
the preceding table concur in showing that the Sacandaga flow fell to the very 
low rate of 0.10 or 12 cubic feet per second per square mile in extreme drought, 
notwithstanding its excellent forest cover; the gagings for the four months 
following show that after the rains the Sacandaga run-off was increased in 
much larger degree than the Hudson run-off. A much longer period of compari- 
sons than these three or four months is needed to establish this ratio with 
precision. 

For the Upper Hudson. 

The Hudson flow as recorded at Mechanicville near the end of the severe 
August drought held up unaccountably well in view of the small flow of 
its tributaries. This fact invites a study in detail during low water of next 
summer. Its flow including Indian lake averaged about 1,825 cubic feet per 
second, August 28th to 3l6t equivalent to 0.40 cubic feet per second per square 
mile, or deducting 600 cubic feet per second to correct for the storage drawn 
from Indian lake, gives a natural flow of 0.27 cubic feet per second per square 
mile. Assistant Engineer Shedd visited Mechanicville to review the record 
and seek explanation, but no reason is yet found for changing the Mechanic- 
ville record for 1907 from that given on page 105 and 120 in the discharge 
curves. 

The regularity of the record at just the time of our drought gagings is 
somewhat disturbed by the fact that the paper mills at Mechanicville were 
shut down from August 20 to August 26th, and that on Sunday, September 
first, and Labor Day, Monday, September 2nd, the discharge was being 
held back in storage in the mill ponds. 

The Spier's Falls records of flow through turbines is computed from the 
record of daily electric output, basing this computation on the turbine 
maker's statement of turbine discharge and efficiency ratio. For August 
28th to 3l8t inclusive, vhe flow thus computed averaged 890 cubic feet per 
second, which is probably too small, since it takes no account of leakage, etc. 
This 890 cubic feet per second including Indian lake storage, is equivalent 
to 0.32 cubic feet per second per square mile, or deducting 600 feet for 
Indian lake leaves only 290 cubic feet per second, or about 0.11 cubic feet 
per second per square mile; also probably an underestimate. These figures 
are, however, not far from those quoted on page 66 from the census report 
of 1880, for low water flow, on the excellent authority of Mr. Warren Curtis. 

So far as can be judged from these incomplete data^ the natural yield of the 
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JSCHBOON RiVEB AT BlVEBBAITK, NeW YoKK. 

Daily Discharge in Cubic Feet Per Second, 
(Drainage Area 534 Square Miles.) 



DAY. 



1. 
2. 
3. 
4. 
5. 

6. 
7. 
8. 
9. 
10. 

ii: 

12. 
13. 
14. 
15. 

16. 
17. 
18. 
19. 
20. 

21. 
22. 
23. 
24. 
25. 

26. 
27. 
28. 
29. 
30. 
31. 



Mean. 



Sept., 1907. 



(95) 
95 
125 
120 
146 

223 
239 
223 
191 
207 

223 
256 
273 
273 
51 

48 
61 
51 
51 
68 

51 

72 

308 

350 

312 

331 
305 
210 
97 
476 



Oct., 1907. 



522 
485 
476 
441 
467 

432 
467 
618 
643 
721 

694 
668 
618 
608 
608 

578 
593 
568 
545 
531 

522 
513 
499 
485 
485 

236 
432 
568 
693 
608 
668 



184 



545 



Nov., 1907. 



776 

868 

1.080 

1,570 

1,570 
2.050 
3,300 
3,860 
3,700 

3,400 
2,800 
2,270 
2,050 
1.570 

1,570 
1,240 
1.470 
933 
1,040 

913 
933 
849 
836 
788 

668 
748 
721 
748 
836 



Dec., 1907. 



806 
776 
748 
824 
776 

776 
721 
668 
694 
668 

568 

788 

1,200 

1,290 

1,310 

1,290 
1,290 
1,240 
1,200 
1,040 

1,040 
933 
1,080 
1,290 
1,570 

1,760 
1.840 
1,780 
1,730 
1,670 
1,780 



1,530 



1,130 



Jan., 1908. 



1,780 
1,670 
1.670 
1.470 
1.340 

1.200 
1,380 
1,080 
1,000 
966 

1,000 
933 
933 
868 
966 

748 
836 
776 
836 

868 

836 
776 
836 
806 
966 

748 
721 
748 
668 
a 933 
a 000 



1,010 



a Ice forming on shore. 

Extreme low water flow corresponds to the 95 second feet equivalent to 
0.18 cubic feet per second per square mile, measured on September second 
(just before the drought was broken by rainfall). 

September 15-22, inclusive, is not natural flow as water was being held in 
Schrpon lake by a dam completed at that time. 

Discharge Measurements of Schroon River at Riverhank, New York, in 1907. 



DATE. 


Hydrographer. 


Width. 


Area 

of 

section. 


Gage 
Hei^t. 


Discharge. 


Sept. 2 
Sept. 2 
Sept. 23 
Oct. 3 


Barrows and Hoyt 


Feet. 
42.5 
41.6 
63.0 
67.0 
67.0 
65.0 
84 
71.0 
67 
74 
74 


Sn. Ft. 
102 
100 
177 
190 
185 
190 
419 
298 
214 
266 
262 


Feet. 
1.18 
1.18 
1.90 
2.26 
2.25 
2.32 
5.47 
4.33 
2 92 
3.63 
3.48 


Sec. Ft. 
94 8 


Barrows and Hovt 


91 2 


Hoyt and Pierson 


321 


Pierson 


463 


Oct. 3 


Pierson 


438 


Oct. 23 


Pierson 


492 


Nov 11 


Pierson . 


3,360 


Nov. 14 


Pierson 


2,000 


Nov. 27 


Pierson 


768 


Dec. 14 


Pierson 


1,240 


Dec. 19a 


Pierson 


1,240 









a Ck>asiderable anchor ice. 
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Rating Table for Schroon River near Riverhank, Netc York, From September 
2, 1907, to December 31, 1907. 



Gage 
height. 


Dis- 
charge. 


Gage 
height. 


Dis- 
charge. 


Feet. 

1.00 

1.10 

1.20 

1.30.... 

1.40 


Sec. Ft. 

53 

74 

97 

122 

149 

178 

210 

242 

276 

312 

350 


Feet. 

2.10 

2.20 

2.30 

2.40 

2.50..... 

2.60 

2.70 

2.80 

2.90 

3.00 


Sec. Ft. 
380 
432 
476 
522 
568 
618 
668 
721 
776 
836 


1.60 


1.00 

1.70 


1.80 


1.90 


2.00 





Gage 
height. 


Di. 1 


charge. 


Feet. 


Sec. Ft. 1 


3.10 


900 ' 


3.20 


966 ! 


3.30 


1.040 


3.40 


1.120 ! 


3.50 


1,200 1 


3.60 


1.290 I 


3.70 


1,380 


3.80 .... 


1,474 


3.90 


1,572 


4.00 

1 

i 


1.674 



Gage 
height. 

■1 


Dis- 


charge. 


Feet. 


Sec. Ft. 


4.10 


1.782 


4.20 


1,888 


4.30 


1.996 


4.40 


2.105 


4.50 


2.215 


4.60 


2.327 


4.70 


2.443 


4.80 


2.661 


4.90 


2.680 


5.00 


2,800 


5.60 


3,400 


6.00 


4.000 



The above table is applicable only for open channel conditions. It is based 
upon eleven discharge measurements made during 1907. It is well defined be- 
tween gage heights 1.0 feet and 5.5 feet. The table has been extended beyond 
these limits. Above gage height 6.0 feet the rating curve is a tangent, the 
difference being 120 per tenth. 

Saoaitdaqa Riveb at Wells, New York. 

This station was established August 26, 1907, by H. K. Barrows, and is 
on the steel highway bridge over the east branch of the Sacandaga river in 
th^ southern part of the village of Wells, about 2^^ miles above the junction 
of the east and west branches. The drainage area at this point is 263 
square miles. 

The channel is straight for about 25 feet above the station, then curving 
rather sharply to the left. It is straight for 100 feet or more down 
stream and then curves gently to the right. The right bank is about 12 
feet high at ordinary stages and seldom or never overflows. The left bank is 
high and steep and never overflows. 'Both banks are skirted more or less con- 
tinuously with bushes and small trees. The bed is. rocky and quite rough, 
but permanent. There is one channel at all stages. The current is good at 
medium and high stages, but becomes sluggish and poorly distributed under 
low water conditions. 

Discharge measurements are made from the upstream side of the bridge, 
the initial point for soundings being vertically over the top of the right 
abutment, upstream side. At low waiter, measurements are made by wading 
at a point about 800 feet upstream from the bridge, where a good gravel 
section is found. 

An inclined staff gage which is read twice daily by Frank G. Stanyon, Jr., 
is fastened to bench marks as follows: (1) chisel draft on top of lowest 
stone of right abutment one foot from upstream side, elevation 5.38 feet; (2) 
chisel draft on bridge seat, right abutment, upstream side, elevation 21.06 
feet. All elevations refer to gage datum. 
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Sacandaga River at Nobthviixe, New York. 

Daily Discharge in Sec, Ft, of Sacandaga River at Northville, New York. 

(Drainage Area, 740 square miles.) 



DAY. 


Aug.. 1907. 


Sept., 1907. 


Oct., 1907. 


Nov.. 1907. 


Dec.. 1907, 


Jan.. 1908. 


1 




74 

74 

92 

267 

500 

640 
465 
452 
254 
621 

462 

2,070 

1.180 

772 

635 

465 
388 
290 
254 
237 

268 
272 
237 
330 
659 

621 
400 
340 
420 
1.960 


1,380 
862 
640 
727 

1.920 

1.320 

1,060 

al,980 

6(5.830) 

3,220 

2,410 
3.220 
2,640 
2,120 
1.730 

1.380 

1,210 

1,080 

960 

880 

862 
817 
727 
687. 
640 

699 

683 

c(7,000) 

c(6,830) 

4,540 

3,050 


2,340 

1,980 

d(7.000) 

d(5,830) 

4,580 

3,990 

18,900 

14,300 

6,650 

4,740 

3,950 
3,220 
2,350 
2,350 
1,960 

1,560 
1,470 
1,360 
1,340 
1,250 

1.270 
1.470 
2,090 
1,370 
1,360 

1,290 
1,180 
1,120 
1,140 
960 


862 
880 
826 
790 
6(790) 

6(780) 
6(770) 
6f760) 

V 7,740 

4,740 

3,050 

2,880 

6(2,600) 

6(2,400) 
6(2,200) 
6(1.900) 
6(1,700) 
6(1.400) 

1,200 
6(1,200) 
6(2,000) 
11,500 

8,280 

' 4.140 
3,220 
3,050 
6,190 
4.980 
7,660 




2 






3 






4 






6 






6 






7 






8 






9 






10 






11 






12 






13 






14 






16 






16 






17 






18 






19 






20 






21 






22 






23 .' 






24 


76 
76 

76 
79 
79 
79 
73 
74 




25 




26 




27 




28 




29 




30 




31 








Mean 




609 


2,000 


3,480 


3.130 









a Gage height as observed at 9 a. m. — 10 a. m. water over top of gage (i. e.) gage height 
6.0, discharge approximated as corresponding to gage height 6.0. 

6 Water over top of gage — discharge approximated as corresponding to gage height 6.5. 

c Water over top of gage — gage height Oct. 28 taken as 6.0; Oct. 29 as 5.6. 

d Water over top of gage — gage height Nov. 3 taken as 6.0; Nov. 4 as 6.5. 

6 Anchor ice accumulations downstream caused backwater on gage, — discharge aesumed 
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Discharge Measurements of Sacandaga River at Northville, New York, in 1907. 



DATE. 


Hydrographer. 


Width. 


Area 

of 
section. 


hPiSit. 


Discharge. 


Aug. 24 
Aug. 24 
Sept. 25 


oBarrows and Hoyt 


Feet. 
55 
55 
260 
260 
274 
264 
262 
284 
277 
264 
266 
180 


Sq. Ft. 
57.1 
57.5 

956 

930 
1,340 
1,000 

855 
2.570 
1,420 

953 

958 
1 490 


Feet. 
0.86 
0.86 
2.03 
1.92 
3.89 
2.58 
2.31 
9.68 
5.81 
2.78 
2.98 

7 9» 


Sec. Ft. 
76.9 


aBarrows and Hoyt 


76 


PiersTbn 


603 


Pierson 


466 


ftPierson 


3,310 


Oct. 18 


Pierson 


1,020 


Oct 22 


Pierson 


868 


Nov. 7 


cPierson 


18,300 


Nov. 9 


Pierson 


6 310 


Nov 20 


Pierson 


1 360 


Nov. 22 


Pierson 


1*410 


Dec 21 


rfWood and Pierson 


1 200 











a Gaging made by wading, about i mile above staff gage. 

b River rose 1.02 feet during gaging — re.«?nlt.s approximate only. 

c Gaging by surface floats near Northville bridge. 

d River frozen and gorged with anchor ice from a jwint abtJiit i mile upstream from gjige 
to dam about 2 miles down.stream. (iage height is to water .'surface l)ut is not a trut' index 
of flow, gage height to top of ice^-7.33, about: ice about 0.2 feet thick. Gaging made from 
highway bridge at Northville — considerable needle and anchor ice — result .s a pi)roximate only 



Rating Table for Sacandaga River at Northville, New York. 
24, 1907, to DeQemher 31, 1907. 



From Augitst 



Gage 
height. 


Dis- 
charge. 


Feet. 
1.00 


Sec. Ft. 1 
95 
115 
140 1 
170 1 
205 1 
245 ' 
290 1 
340 ' 
400 , 
465 
535 
615 
700 
790 
880 
980 
1,080 


1.10 


1.20 


1.30 


1.40 


1 . 50 


1.60 


1.70 


1.80 


1.90 


2.00 


2.10 


2.20 


2.30 


2.40 


2.50 


2.60. 







Gage 

fht. 



heigl 



Feet. 
2.70... 
2.80... 
2.90... 
3.00... 
3.10... 
3.20. 
3.30. 



Dis- 
charge. 




Sec. Ft. 
1,180 
1,290 
1,400 
1,510 
1,630 
1,750 

1,880 

3.40 1 2,010 

3.50 1 2.150 

3.60 1 2,290 

3.70 L 2,440 

3.80 "^ 2,590 

3.90 2,750 

4.00 1 2,910 



4.10. 
4.20. 
4.30. 



3,080 
3 . 250 
3,430 



Gage I Dis- 
heiglit. I diarge. 



Feet. 


Sec. Ft. 


4.40 


3,610 


4.50 


3,800 


4.60 


3,9iM) 


4.70 


4,180 


4.80 


4 , Am 


4.90 


4,580 


1 5.00 


4,780 , 


! 5.10 


4,980 j 


1 5.20 


5,190 


, 5.30 


5,400 


5.40 


5,610 


5.60 


5,830 


5.60 


6,050 


1 5.70 


6,280 


1 5.80 


6,510 


I 5.90 


6,750 


6.00 


7,000 



Feet. Sec. Ft. 

6.10 7.260 

6.20 7,520 

6.30 7.790 

6.40 8,060 

6.50 8.340 

6.60 8.620 

6.70 8.910 

6.80 9.210 

6.90 9.520 

7.00 9,840 

7.10 10,170 

7.20 10.510 

7.30 10.850 

7.40 11.190 

7.50 I 11,530 

8.00 1 13,230 

9.00 16,630 

10.00 , 20,030 



The preceding table is applicable only for open channel conditions. It ia 
based upon eleven discharge measurements made during 1907. It is well 
defined between gage heights 0.8 feet and 3.0 feet and fairly well defined from 
3.0 feet to 6.0 feet. The table has been extended beyond these limits. Above 
gage height 7.20 feet the rating curve is a tangent, the difTerence being 340 
per tenth. 

Sacandaga River Neab Hadley, New Yobk. 

This station was established September 13, 1907, by H. K. Barrows. It ia 
located on the steel highway bridge about two and one-half miles west of 
Hadley (where the Sacandaga river enters the Hudson), between the towns of 
Corinth and Hadley. The drainage area at this point is 1,050 square miles. 
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The channel is straight for about 600 feet upstream from the bridge and 
for perhaps 100 feet downstream, where it curves gently to the left. The 
banks are high, rocky and permanent and do not overflow. The bed is rocky 
and very rough. The current is good at very low stages, and very strong at 
medium and high stages. 

Discharge measurements are made by the use of a boat at a section about 
one mile downstream, where a good gravel section is found and smooth flow. 
At high stages measurements are made from the highway bridge at Hadley, 
just below the railroad bridge at that point. Measurements are not made at 
the bridge to which the gage is attached. 

A standard chain gage which is read twice daily by W. W. JeflFers, is 
attached to the hand rail of the bridge in the left span near the center pier, 
downstream side. Length of chain 25.35 feet. The gage is referred to bench 
marks as follows: (1) circular chisel draft on highest point of boulder 
3x5 feet, about fifty feet from down stream side of bridge near right abutment, 
elevation 6.50 feet; (2) chisel draft on downstream corner of right abutment 
at top, elevation 19.36 feet. All elevations refer to gage datum. 

Sacandaga Riveb at Hadley, New York. 

Daily Discharge in sec. ft. of Sacandaga River at Hadley, New York. 

(Drainage area, 1,050 square miles.) 



DAY. 



Sept., 1907. 



Oct., 1907. 



Nov.. 1907. 



Dec.. 1907 



Jan., 1908. 



1. 
2. 
3. 
4. 
5. 

6. 
7. 
8. 
9. 
10. 

11. 
12. 
13. 
14. 
15. 

16. 
17. 
18. 
19. 
20. 

21. 
22. 
23. 
24. 
25. 

26. 
27. 
28. 
29. 
30. 
31. 



1,610 

1,360 

915 

715 
630 
620 
490 
460 

430 
400 
430 
490 
590 

716 
670 
630 
670 
1,360 



1.900 
1.620 
1.160 
1.030 
1.900 

2.130 
1.800 
1.900 
4.740 
5.020 

4.740 
4.230 
3.770 
2.540 
2.020 

1.800 
1.610 
1.360 
1.090 
1,030 

1,030 
915 
915 
860 
810 

760 

760 

1.900 

9,270 

10,700 

10,200 



7,070 

5.950 

7.070 

11.200 

13.100 

10,700 
12.100 
12.600 
21,600 
19.200 

14,000 

11,600 

9,740 

6,670 

5,310 

4,740 
3,360 
2,130 
1,700 
1,610 

1.360 
1,440 
1,520 
1,610 
1,520 

1,360 
1,290 
1,220 
1,160 
1,090 



1,030 
970 
970 
915 
860 

810 
760 
810 
970 
1.290 

6.310 

13.100 

11.600 

7.910 

4.740 

3.560 
2.840 
2,540 
2.130 
1.900 

1.800 
1,700 
2,260 
3,770 
5,630 

7,070 
8.350 
6.670 
7.070 
8.810 
10,200 



10,200 
9.270 
8,350 
5,630 
4,480 

3,000 
2,260 
1,800 
1,610 
1.520 

1,440 
1,360 
1,520 
1,700 
1,520 

1,360 
1.290 
1,220 
1,160 
1,090 

1,030 
970 
915 
860 
860 

760 
670 
810 
970 
a (1,000) 
a (1,000) 



Mean. 



2,760 



6.500 



4,140 



2,310 



a River frozen over — anchor ice and back water — discharge assumed as 1,000. 
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Sacandaga Riveb at Hadley, New York. 
Discharge Measurements of Sacandaga River at Hadley, Neu> York in 1907. 



DATE. 


HydrogTspher. 


Width. 


Area 

of 

section. 


hetS^t. 


Discharge. 


Aug. 27. . 


Barrows and Hovt 


Feet. 
80.0 
263 
240 
194 
250 
250 
200 
200 
250 
120 


Sq.ft. 
80.4 
551 
447 
642 
886 
892 
649 
649 
942 
898 


Feet. 
0.90 
2.78 
2.35 
2.77 
2.80 
2.80 
2.23 
2.23 
2.88 
3.50 


Sec. ft. 
al30 


Sept. 13.. . 


Barrows and Hoyt 


&2 150 


Oct. 4.. . 


Pierson 


51 690 


Oct. 5.. . 


Pierson , 


cl,*810 


Oct. 16. . . 


Pierson 


1 680 


Oct. 17. . 


Pierson 


1 680 


Oct. 25... 


Pierson 


'895 


Oct. 25. . . 


Pierson 


914 


Nov 19.. .. 


Pierson 


rl 970 


Dec. 16.. . 


Pierson 


d3 930 









a Gaging by wading about 3.000 feet upstream from gage. 

6 Gagings made from bridge at gage — very rougli — approximate only. 

c Gagings Oct. 5 to Nov. 10 iiiclusive, made about one mile down stream from gage from 

d Gaging made from highway bridge, Just down stream from railroad bridge at Hadley. 



Rating Table for Saoandaga River at Hadley, New York. From September 
13, 1907, to December 31, 1907. 



Gage 
height. 


Dis- 
charge. 


Gage 
height. 


Dis- 
charge. 


hei^t. 


Dis- 
charge. 


Feet. 
1.00, 


Sec. ft. 
150 
180 
210 
250 
290 
340 
400 
460 

.. 520 


Feet. 
2.00 
2.10 
2.20 
2.30 
2.40 
2.50 
2.60 
2.70 
2.80 
2.90 


Sec. ft. 
670 
760 
860 . 
970 
1,090 J 
1,220 • 
1,360 1 
1,520 
1,700 
1,900 


Feet. 
3.00 
3.10 
3.20 
3.30 
3.40 
3.50 
2.60 
3.70 
3.80 


Sec. ft. 
2.130 


1 . 10 


2.390 


1.20 


2 680 


1.30 


3.000 


1.40 


3 360 


1.50 


3,770 


1.60 


4.230 


1.70 


4 740 


1.80 


6,310 


1.90 


.. 590 











Gage 
height. 



Dis- 
charge. 



Feet. 


Sec. ft. 


3.90 


5.95 


4.00 


6.67 


4.10 


7.47 


4.20 


8.35 


4.30 


9.27 


4.40 


10.21 


4.50 


11.16 


5.00 


15.91 


5.50 


20.66 



The above table is applicable only for open channel conditions. It is based 
upon ten discharge measurements made during 1907. It is fairly well defined 
between gage heights 1.0 feet and 3.0 feet and is only approximate above 
gate height 3.0. Above gage height 4.5 feet the rating curve is a tangent, 
the difiference being 950 per tenth. 



Hudson River at North Creek, New York. 

This station was established September 21, 1907, by W. G. Hoyt, at the 
steel highway bridge a't North creek. The drainage area at this point is 804 
square miles. North creek, a small tributary of the Hudson, enters from 
the right a short distance below this point. 

The channel is straight for about 500 feet upstream and some 30Q feet 
downstream curving to the left below here. The banks are high and rocky, 
clear up to the high water line and not liable to overflow. The bed is rocky 



132 



State Watee Suppx,y Commission. 



and of gravel and permanent but rather rough. There are two channels at 
all stages. The current is good at all stages, ranging from about one to five 
feet per second. 

Discharge measurements are made from the upstream side of the bridge 
in the left span, and from the down stream side in the right span, the 
initial point for soundings being vertically over the left abutment, on the 
upstream side. A standard chain gage read twice each day by Gilbert E>ean 
is attached to the floor of the bridge, on the upstream side near the -center 
of the right span; length of chain 22.11 feet. The gage is referred to bench 
marks as follows : ( 1 ) Chisel draft on 3 x 3 foot stone at foot of right abut- 
ment, upstream side, marked B. M. O, elevation 4.30 feet; (2) one inch 
square bolt on top of right abutment upstream side marked B. M. Q, eleva- 
tion 26.52 feet. All elevations refer to the datum of the gage. 



Hudson River at North Creek., New York. 
Daily Discharge in sec. ft. of Hudson River at North Greek, N. T. 
(Drainage area, 804 square miles.) 



DAY. 


Aug., 1907. 


Sept., 1907. 


Oct., 1907. 


Nov., 1907. 


Dec, 1907. 


Jan., 1908. 


1 




........ 

627 

515 

634 

1,080 

1,120 

1,170 

1,100 
1,120 
1,060 
1,190 
1,560 


3,650 
3,030 
1,450 
1,170 
1,450 

1,420 
1,390 
2,920 
5,330 
5,280 

6,110 
3,600 
2,650 
2,350 
1,790 

1,420 
1,250 
1,060 
1,000 
930 

1,130 

1,080 

980 

806 

900 

1,120 
930 
1,960 
3.530 
4,480 
1,770 


2,010 
1,640 
3,970 
5,420 
4.220 

3,430 
8,850 
8,770 
7,120 
5,230 

4,170 
3,250 
2,570 
2,110 
1,790 

1,490 
1,420 
1,150 
1.060 
1,030 

950 

950 

1,010 

1,010 

1,010 

980 
930 
900 
860 
730 


690 
683 
634 
564 
564 

634 
662 
706 
655 
980 

4,790 
4,660 
3,670 
2,920 
2,220 

2,220 
2,010 
1,790 
1.550 
1,390 

1,270 
1,290 
1,520 
3,140 
3,360 

3,210 
2,820 
2,570 
2,990 
2,990 
3,530 


3,230 


2 




2,990 


'4.'.'.'.'.'.'.'. .'.'.'.'.'. . 




2,720 
2,350 


5 




1,870 


6 




1,840 


7 


\ 


1,740 


8 




1,450 


9 




1,340 


10 




1,210 


11 




1,120 


12 


:::::::: 


1,170 


13 

14 





1,170 
1,060 


15 




980 


16 




940 


17 




910 


18 




910 


19 




890 


20 




860 


21 




851 


22 




842 


23 




860 


24 




860 


25 




860 


26 




860 


27 




833 


28 




770 


29 


779 


770 


30 


788 


31 


770 


833 






Mean 






2,190 


2,670 


2.020 


1.280 
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Discharge Measurements of Hudson River at North Creek, X. Y., in 1907. 



DATE. 


Hydrographer. 


Width, 


Area 

of 

section. 


Gage 
height. 


Discharge. 


Aug. 29.. . 


Barrows and Hoyt 


Feet. 
235 
235 
237 
236 
250 
239 
250 
143 


Sq. ft. 
547 
502 
506 
462 
834 
547 
937 
673 


Feet. 
2.91 
2.90 
2.71 
2.55 
4.09 
2.96 
4.52 
3.43 


Sec. ft. 
788 


Aug. 31.. . 


W. G. Hoyt 


716 


Sept. 20.. . 


W. G. Hoyt 


618 


Sept. 21.. . 


Pierson and Hoyt 


512 


Oct. 1.. . 


Pierson.. 


2 380 


Oct. 24.. . 


Pierson 


890 


Nov. 12.. . 


Pierson 


3 290 


Nov. 16.. . 


Pierson 


1 560 









Rating Table for Hudson River at North Creek, X. Y. 
From Aug. 29, 1907, to Dec. 31, 1907.. 



Gage 
height, 




Gage 


Dis- 


height. 


charge. 


Feet. 


Sec. ft. 


3.30 


1,170 


3.40 


1,290 


3.50 


1,420 


3.60 


1,560 


3.70 


1,710 


3.80 


1,870 


3.90 


2,040 


4.00 


2,220 


4.10 


2,410 



Gage 


Di.s- 


(Jaee 


Dis- 


height. 


charge. ' 


height. 


charge. 


Feet. 


Sec. ft. . 


Feet. 


Sec. ft. 


4.20 


2,610 


5.10 


4,740 


4.30 


2,820 ■ 


5 . 20 


5.010 


4.40 


3,030 


5.30 


5,280 


4 . 50 


3,250 


5.40 


5,5:>0 


4.60 


3,480 1 


5 . 50 


5 , H.iO 


4.70 


3,720 ; 


5.60 


6,110 


4.80 


3,970 


6.00 


7,230 


4.90 


4,220 j 


6.50 


8,630 


6.00 


4,480 













The above table is applicable only for open channel conditions. It is 
based upon eight discharge measurements made during 1907. It is fairly 
well defined between gage heighte 2.50 feet and 4.50 feet. The table has 
been extended beyond these limits. Above gage height 5.4 feet the rating 
curve is a tangent, the difference being 280 per tenth. 



Hudson River at Thubman, New York. 

This station was established September 22, 1907, by W. G. Hoyt. Gage 
readings were obtained September 1-22 by a temporary staff gage set by 
H. K. Barrows on September 1. This station is located on the Delaware ' 
& Hudson R. R. bridge leading from Thurman to Warrensburg, about 950 
feet below the highway bridge to Warrensburg, and some 2,000 feet below 
the entrance of Schroon River into the Hudson. Tlie drainage area at this 
point is 1,560 square miles. 

The channel is straight for about 1,000 feet above the station and some 
400 feet down stream where the river divides into two channels forming an 
island of considerable size. The right bank is about eight feet high at 
ordinary stages, and is clear with the exception of a few trees along the 
river's edge. This bank overflows during high water, when flow occurs under 
another section of the bridge. The left bank is high and rocky, clear up to 
the high water line and does not overflow. The bed is of gravel and per- 
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manent. There are two channels under ordinary conditions, and three during 
high water as previously noted. The current is good at all stages. 

Discharge measurements are made from the upstream side of the bridge 
on the line of the guard-rail, the initial point for soundings being vertically 
above the left abutment at the upstream side. 

A standard chain gage which is read three times daily by S. H. Spencer 
is attached to the end of the ties outside the guard-rail about 100 feet from 
the left abutment; length of chain 29.08 feet. The gage is referred to 
bench marks as follows: (1) Nail in top of stump on left bank about sixty 
feet upstream from bridge, and forty feet from the water's edge. Elevation 
12_.94 feet; (2) top of 2*% inch iron pin on left abutment, upstream side, 
used for holding lateral brace, elevation 26f.71 feet; (3) marked " R. P." on 
top of first floor beam from right abutment, one foot upstream from end of 
cross ties, elevation 26.83 feet. All elevations refer to the datum of the 
gage. 



Hudson River at Thubman, New York. 

Daily Discharge in Sec. Ft. of Hudson River at Thurma^n, New York. 

(Drainage area, ^1,550 square miles.) 



DAY. 


Sept., 1907. 


Oct., 1907. 


Nov., 1907. 


Dec, 1907. 


Jan., 1908. 

4 


1 . ..*... 


772 

844 

1.010 

1,560 

2,870 

2,570 
1,940 
1,300 
1,280 
997 

796 
2,590 
3,360 
2.850 
2,110 

1,720 

1,220 

932 

808 

772 

590 

560 

1,040 

1,440 

1,420 

1,450' 
1,320 
1,270 
1,660 
2,550 


3.480 

3,900 

2,250- 

2,030 

2,110 

1,990 
2,030 
3,260 
5,760 
5,760 

7,400 
4,430 
3,930 
3,160 
2,700 

2,290 
2,090 
1,860 
1.660 
1.720 

1.840 
1.920 
1.600 
1.440 
1.400 

1,550 
1,660 
3.280 
6.270 
4.690 
3.960 


3,260 
2,940 
4,210 
6,770 
6,050 

5.900 

11,200 

10,900 

9,860 

9,110 

7,400 
6,380 
5,670 
4,950 
4,180 

3,640 
3,330 
2,940 
2,590 
2,340 

2.400 
2.430 
2.400 
2,310 
2,270 

2.270 
2,200 
2,030 
2,010 
1,990 


1,900 
1,860 
1,840 
1,780 
1,760 

1,720 
1,700 
1,680 
1,680 
3,210 

5,880 
5,030 
4,350 
4,090 
3,740 

4,320 
3,740 
3,360 
3,110 
2,990 

2,800 
2,590 
2,750 
5.580 
5.640 

5.440 
5.150 
4,950 
5,090 
' 6,300 
6.020 




2 




3 




4 




5 




6 




7 




8 




8 




10 


* 


11 




12 




13 




14 




15 




16 i 




17 




18 




19 




20 




21 




22 




23 




24 




25 




26 




27 




28 




29 




30 




31 










Mean 


1,520 


2.980 


4.530 


3.580 
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Discharge Measurements of Hudson River at Thurman, New York, in 1907, 



DATE. 



Hydrographer. 



nridth. 


Area 

of 

section. 


hei^t. 


Discharge. 


Feet. 


Sq. ft. 


Feet. 


Sec. ft. 


260 


757 


2.86 


1,150 


251 


683 


2.49 


832 


253 


662 


2.46 


777 


230 


550 


2.05 


476 


275 


962 


3.48 


2.640 


275 


960 


3.47 


2.700 


277 


963 


3.52 


2.800 


260 


769 


2.75 


1.400 


299 


1.460 


4.98 


6.760 


301 


1,280 


4.54 


5.790 


280 


991 


3.58 


2,970 


292 


1,270 


4.60 


6.340 



Aug. 28.. . 
Aug. 31.. . 
Sept. 1... 
Sept. 22... 
Sept. 30.. . 
Sept. 30... 
Oct. 15... 
Oct. 26... 
Nov. 4... 
Nov. 13... 
Nov. 18.. . 
Dec. 12.. . 



Barrows and Hoyt 
Barrows and Hoyt 
Barrows and Hoyt 

W. G. Hoyt 

Pierson ^, 

Pierson 

Pierson 

Pierson 

Pierson 

Pierson 

Pierson 

Pierson 



Rating Table for Hudson River at Thurman, New York. From August 28, 
1907, fa December 31, 1907. 



GAGE HEIGHT. 


Dis- 
charge. 


Feet. 
«^ .20 


Sec. ft. 

550 

650 

760 

880 

1.010 

1.150 

1,300 

1,470 

1.660 

1.860 


2 . 30 


2 . 40 • 


2.50 


2.60 


2 . 70 


2 . 80 


2 . 90 


3.00 


3.10 





height. 


Dis- 
charge. 


. Feet. 


Sec. ft. 


3.20 


2.070 


3.30 


2.290 


3.40 


2.520 


3.50 


2.750 


3.60 


2.990 


3.70 


3.230 


3.80 


3.480 


3.90 


3,740 


4.00 


4.010 


4.10 


4.290 



Gage 

heiglit. 


Dis- 


charge. 


Feet. 


Sec. ft. 


4.20 


4,570 


4.30 


4.860 


4.40 


5.160 


4.50 


5.440 


4.60 


5,730 


4.70 


6.020 


4.80 


6.320 


4.90 


6.620 


5.00 


6,920 



The above table is applicable only for open channel conditions. It is 
based upon eleven discharge measurements made during 1907. It is fairly 
well defined between gage heights 2.5 feet and 5.0 feet. The table has been 
extended beyond these limits. lAbove gage height 5.0 feet the rating curve 
is a tangent, the difference being 300 per tenth. 
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DiSCHABGE MBASUBEMENTS IN JaKUABT, 1908. 



DATE. 



Hydrographer. 



Width 



Area 

of 

section. 



Gage 
hei^t. 



Dis- 
charge. 



Remarks. 



Hudson River at North Creek, N. Y, 
Jan. 22. . Wood and Pierson 



Feet. 
240 



Sq. ft. 
523 



Feet. 
3.00 



Sec. ft. 
746 



Some anchor 
kice. 



Sdcandaga River near Hadley, N, Y, 



Jan. 4. . I 
Jan. 24. . I 



Jan. l..| 
Jan. 27. . I 
Jan. 23. . I 

Jan. 22. . 



J. B. Pierson 

Wood and Pierson. 



120 
115 



16 I 3.80 
617 (d 2.37 



4,510T1 Anchor ice. 
1 , 15011 Anchor ice. 



Sacandaga River at Northville, N. Y. 
J.B.Pierson | 273 | 1.300 1 4.54 | 3,350 | 

Sacandaga River at Wells, N. Y, 
D. M. Wood I 67.5 | 168 | 4:83 '| 269:ilAnchor ice. 

Schroon River at Riverhank, N, Y, 
Wood and Pierson | 72 | 216 | 3.02 | 751 | Anchor ice. 

Miscellaneous Measurements. 
North Creek at North Creek, N. Y, 



Wood and Pierson. 



30 



26.0 



27.0 



By wading 
meter on 
rod. 
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CX)NFIRMATION OF ESTIMATES OF HUDSON FLOW BY RAINFALL 

STUDIES. 

Frequently in problems of power deTelopment, the only reliable basis ^for 
estimating the amount of power that can be developed, is furnished by a 
•measurement of the watershed area, a study of the rainfall and a comparison 
with rainfall records on similar watersheds from which run-off has actually 
been measured, and although in the present case, the gagings at Mechanicville, 
gave a much better basis for estimating the yield of the Sacandaga and other 
tributaries, it was deemed prudent to confirm these estimates based on 
gagings by studies of the rainfall and by comparisons with the yield of other 
watersheds. 

The first question to be answered by a study of the rainfall records is 
whether the average yield of the 1,050 square miles of Sacandaga drainage is 
substantially the same as that found for the 4,500 square miles above 
Mechanicville. The chief results of our enquiry on this point have already 
been stated, but some further notes are of interest. 

The rainfall records upon the elevated Adirondack plateau are few and far 
between as compared with other portions of the State. The most complete 
compilation is found in the study by Mr. Emil Kuichling, published in the 
Barge Canal Eeport and summed up in his isohyetal map, on plate 27 and 
described in page 795 of the Barge Canal Report of 1901. 

The records for most of the stations there quoted have been obtained for 
the later years, and in order that discrimination might be made in the use 
of these records and greater weight given to those where the surroundings for 
the rain-gage were more favorable or where it appeared that the observer 
was more painstaking, I arranged for Prof. Francis J. Seery of Cornell 
University to make a personal inspection of all the rain-gages in the 
Adirondack plateau, with an examination of the original records and con- 
ference with the observers. 



Report BY Pbof. Francis J. Seery upon the Several Rain-gage Stations 

IN THE AdIRONDACJK PlATEAU. 

The surroundings of each of the several gages found in use at the begin- 
ning of our work are shown in the following sketches. Prof. Seery found 
little data from which to judge of the accuracy of observation at many of the 
stations and we have yet found little to justify giving greater weight to 
the record of one station than to that from another, save in the length of 
period covered and in noting how it conforms to record of two or more 
neighboring gages, or in conforming to the probable course of the isohyetal 
curve. Brief notes regarding quality of observations at some of the stations 
are given in the following sketches. 

Additional Rain-gage Stations in Adirondacks. 
The following named new stations were established in order to close gaps 
in the existing lines of stations. The locations are shown on the isohyetal map 
of the Adirondack region, plate 10. 
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There was a failure from one cause and another to get the new gages set 
ir. time to obtain comparisons of the precipitations in the very remarkable 
rainstorms of September %nd October. It is proposed to continue observa- 
tions at these stations indefinitely. Maximum and minimum thermometers 
of the Weather Bureau pattern were supplied at each rain-gage station and 
are exposed in standard thermometer shelters and the readings taken daily. 

The records at Nehasane obtained to January 31st are given in following 
table. 
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steep hillside -makes location rather poor 




A 



D D D^ 

u.5.*/.B. Standard ai«ch|ajc-^^ 

Honh f ^innel not ke^ in ^c 
Snow mcaduned by meltinj confente of can also mMMrtn^ d«plh in Mveral placea 



5PIERS FALLS 

StaTfon since fall oF 1906. On 
aioptnj hillside covered with low 
bruah and weeds. 

About Ji^mile from former location. 
Hill Sbpes about 25% 



NotwelMocatad 




ITstBblishad tS02 



3PIERS FALLS 
ST^rion From 1902 To Fall of 1906 
on rooFoF barn ^hich stands onedte 
oF steep slope To river. Nothint hiSer 
^•njajc ^^^^ the hitfs. A site 
Jreafly affected by wind eddies. 



j^ 



Established Oct IB9I 



•CanBful, Faithful, Excdknt* 



FVopi C.L.WiHiams Observer 

Locafed many years i^ Academy 

60 fttr from building 2 fi^ above ground. 




A /"> ' Vi 




-T/Or-io-^WR*-^S-W'B- "Standard flinch jaj^. 



GLtNS FALLS 

Station at residence 
of Prof C.L Williams 
on Ridje St 

fVesent Location 



U>''^ ^ Until 1901 Fuertes Oa)« used. 

/Snow meaaurod and checked by nteasurement. 



Esfoblished 1897 




fbssibly less valuable than 
some other naconds 
oFthe 



GREENFIELD 
Saratoga County. 

Station in henyard oF Mr. S. E 
Darrow on Saratoga -Corfnth 
Road on Westcotr Hills. 

4miles N.W.of Saratoga 
4miles S.E.of Kin^s 



Snow measured on platform not melted 



Drawn by RaYWond E Cranston from nqHaby 



FTJ-Surty. I 

PLATE 6 



J 
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Sohroon Lake, Esaex county, established September, 1907, by F. J. Seery. 
observer Dr. F. S. Cole. Site in a garden in rear of house on Main 
street about 100 yards south of post-offic« and about one-efghth mile 
from lake and twenty-five feet above. The site is free from obstructions 
near the gage. 

An arrangement for the supervision and compilation of the records from 
the new stations established was finally made with the Section Director of 
the United States Weather Bureau, Mr. Wilfred Wilson, Ithaca, New York. 

Rainfaix Compilations. Cycles of Wet and Dby Yeabs. 

It is well known that the yield of a watershed for purposes of domestic 
supply, or for water power, is most severely tested only at long intervals, 
and that cycles of years of large rainfall alternate with successive years 
of smaller rainfall. The most severe test within the historic period is fomid 
in the Croton in the series of yeaCts from 1879 to 1892, and the same period 
also gave the most severe shortage of water upon the Sudbury river supply- 
ing Boston. It is well known that for some years past, the rainfall has 
averaged above the normal, or larger than shown by an average of the 
records of the last three-quarters of a century. 

A study was therefore made of all available long term records within 
the vicinity of the upper Hudson, in order to learn if the period covered by 
the nineteen years of gagings of the Hudson flow at Mechanicville, which 
has served as our main reliance in deducing the average flow and the storage 
requirement for the upper Hudson, afforded a more generous supply than 
could be relied on throughout a long period. 

A comparison of all records of annual rainfall for the Adirondack region 
is presented in plates 1 and 2. In plate 1 the record is given in terms of 
total precipitation, and in plate 2 the record for each year is plotted in terms 
of ratio to the long term mean or normal. 

In examining these diagrams, it will be noted that while observations at 
the different stations agree in a general way in showing which were the 
dry years and which were the wet years, and ordinarily show some approxi- 
mate agreement in the ratio of the rainfall in any given year to the long 
term mean, there are numerous instances when there is no agreement. In 
general, the exceptions and lack of concurrence found in the records of the 
Adirondack region are much nK>re erratic than in the case of the Genesee 
records and sundry other regions for which I have made similar comparisons. 
The proximity of mountains and the great lakes and the position of the 
elevated station in relation to vapor laden winds from the ocean, might 
naturally lead one to expect occasional disturbances or lack or regularity or 
concurrence between stations in the vicinity of the Adirondack plateau. 

In general, from a study of this diagram, we find no reason to regard as 
abnormal to any noteworthy degree the precipitation upon the drainage 
areas of the upper Hudson during the period covered by the gag^ings at 
Meehanicville, on which we base our estimates of flow. 

The records compiled for this purpose were also utilized in a ne-w study 
of the isohyetal lines, shown in plate 10 made for dertermining the rela- 
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ion of the rainfall on the Sacandaga drainage to that on the entire drainage 

hove Mechanicville. 

There were many short term records also available for parts of the territory 

lot otherwise covered, and in order to compensate for abnormal rainfall of 
sertain^ years and reduce all of these observations to the same basis before 
drawing the isohyetals, the method was adopted of correcting the average 
of each short term series of records to make it conform to the normal or long 
term average by first finding at the neighboring long term stations wliat pet- 
centage the rainfall in each of the years covered by the said short record 
had borne to the long term average and then compensating the average of 
the short term series in the same ratio. The following tables will make the 
method clear. 
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Ck>MPABisoN OF Rain Gages. 

Studies of long term rainfall records in the vicinity of New York city 
and upon Long Island* have made it plain that in some cases the smaller pre- 
cipitation recorded in early years was due to the use of less perfect types 
of rain gages than those used commonly during the past ten or twenty years. 
A series of experiments has therefore been begun at my request, in -which 
duplicates of the type of gages used in the earliest observations have been 
constructed and exposed side by side with modern gages. One set of these 
experiments is being carried on at the weather bureau station at Cornell 
University, Ithaca, N. Y., and another set at the Clarkson Memorial 
Institute at Potsdam, N. Y. 

There was an unfortunate delay in the completion of these gages prior to 
the remarkably heavy rainfalls of last September and October, and thus the 
number of comparisons in individual storms obtained up to the present time 
is not sufficient to be at all conclusive. The observations are being continued 
and forms a part of the work provided for under the specifications and appro- 
priation of the Fuller bill. 

Larger Run-off of the Sacandaga Drainage Area. 

Even after the most careful review of all existing records, the rainfall 
upon the several portions of Adirondack watershed remains at present not 
well determined, and awaits longer records and the few years records from 
additional stations recently established. 

Meanwhile, I have had to draw the isoheytals of plate 10 with somewhat 
of a bold sweep from the compensated records of the several rainfall stations 
^fter a study of the elevations shown on the topographic maps and a con- 
sideration of the lay of the land in relation to the probable general course 
of the vapor-laden winds for the same period. Since preparing this isohyetal 
map, my attention has been called to a similar map in the U. S. Monthly 
Weather Review for January, 1907, by Mr. R. E. Horton, in which^ I am 
pleased to find very much the same conclusions are independently reached. 

These rainfall records and isohyetal maps make it plain beyond a doubt 
that the Sacandaga rainfall averages about five or six inches larger than for 
the Hudson above Mechanicville as a whole, and it is also certain because of 
greater average altitude and the probable larger per cent, of forest cover that 
the evaporation loss is less. Therefore, the Sacandaga run-off must be 
decidedly larger than that at Mechanicville. 

I am led to believe from the data shown on our preliminary isohyetal map, 
that the average annual precipitation on the Sacandaga drainage is at least 
forty-nine inches, being less than 45 inches at the easterly end and more than 
fifty-five inches at the westerly end, and that the average rainfall is probably 
somewhat in excess of the mean values shown by the stations heretofore ob- 
served, because of the greater precipitation on the hills and mountains than 
in the valleys where the older rain gages are located. 

The mean annual rain fall for the entire Hudson basin above Mechanicville 
is probably about 43 inches. If so, the precipitation on the 1,050 square 
miles of Sacandaga drainage is six inches larger than for the entire area of 

* See Burr-Hering-Freeman Report on Additional Water Supply for New York City 1900 
p. 683 et seq. 
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4,500 square miles above Mechanicville. Since the nin-off in this forest covered 
mountainous region is fully half the rain fall, this six inches of extra rain 
fall would add at least three inches to the run-off. There is no reason for 
thinking that the ratio of run-olT to rain fall would he less, indeed the 
contrary is true and so we may expect 15 per cent more run-off per square 
mile on the Sacandaga than on the Hudson, and since our mass curves have 
shown that a draft equivalent to twenty-two inches run-off may be relied upon 
from the Mechanicville records for the entire upper Hudson, we are justified 
in expecting 22+15 per cent.= 25.3 inches run-off from the Sacandaga, or 
about 1,950 cubic feet per second, instead of the 1,700 derived from the 
Mechanicville curve. « 

The Esopus experience quoted on page 118 in comparison with the Croton, 
indicates a much larger rain fall and run-off from the mountains than from 
the lowlands, and long term records are more likely to increase than to dimin- 
ish this figure of 1,950 cubic feet per second of flow constantly available from 
the Sacandaga reservoir as proposed. 

Yield of Water Poweb from the Estimated Flow from Sacandaga 

Kesebvoib. 

Estimating the Sacandaga reservoir yield conservatively at 1,700 cubic feet 
per second to allow for lack of precision in gaging» and for more severe 
droughts and calling the extreme average net available fall 185 feet and the 
turbine efficiency 75 per cent, we obtain: 

1,700x162.4x185x75% r mechanical horse power on turbine 

= 26,761-< shafts 24 hours per day, 7 days in 

^^^ (^ the week, throughout the dryest year, 

or, say, 25, 000 horse power. 

Should we thus take all elements at the maximum, the flow at 1,900, the 
working fall at 185 and the turbine efficiency at 80 per cent, the 24-hour 
7 day average of power from the Sacandaga becomes about 30,000 net horse 
power on the turbine shaft instead of the 25,000 as previously figured, and 
this 30,000 horde power 24 hours 7 days in the week is the most probable 
figure for the complete Sacandaga development, and under use with a 40 
per cent, load factor would generate at 95 per cent, efficiency 53,200 kilo- 
watts, which at 85 per cent, efficiency in transformation and transmission 
would deliver in ordinary working hours a maximum of 60,500 horse power 
to the consumer, exclusive of the power added by this stored water at the 
sites all along the Hudson from Palmers Falls to Troy. This gives the 
measure of the new power plant to be planned. 

Increase of Power at the Present Hudson River Pi.ants Due to the 
Discharge of Storage from the Sacandaga Reservoir. 

As has been already stated, this reservoir may be used according to two 
different methods for the benefit of the power sites upon the Hudson river. 
In the early years or before the long tunnel and power plant near Hadley 
are built, the storage can be all used for reinforcing the flow of the Hudson, 
holding it all back in those months when water in the main river is plenty 
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and changing the rate of discharge from the Saeandaga from day to day, 
80 as to maintain the Hudson flow at a imiform rate at some mean location 
such as Spier's Falls, or perhaps at Mechanicville if navigation interests are 
paramount. 

While I believe the greatest good would be found by selecting some locality 
farther upstream than Mechanicville as the point of control, thus regarding 
the water power as the paramount interest, I have based the following oompn- 
tation upon maintaining the flow constant at Mechanicville, as was done in the 
earlier reports of the State Engineer. 

The first step in this computation is the determination of the av^age 
flow in the Hudson month by month, and much better results are obtained 
by first arranging the months for taking the average in their order of dry- 
ness instead of in their calendar order. 
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In the foregoing computation the Sacandaga yield is taken strictly propor- 
tional to the Hudson yield measured at Mechanicville — it is probable that the 
Sacandaga drainage yields 15 per cent, more than this. 

Increase of Hudson Riveb Poweb from Sacandaga Storage, First Stage. 

Increased Power at Present Hudson Plants if Sacandaga he Used Solely for 
Benefit of Hudson River, 
Twenty-four'hour, 7 day horse power with 75 per cent, efficiency of turbine. 

Computation of Increased Pouter at the Several Sites. 



Work- 
ing 
head. 



Added 

in 
dryest 
month. 
(325.5) 



2nd. 
dryest 
month. 

(277.8) 



3rd. 
dryest 
month. 

(194.5) 



4th. 
drj'cst 
month. 

(151.5) 



6th. 
dryest 
month. 

(88.5) 



6th. 
dryest 
month. 

(21.3) 



Palmer's Falls. 
Spiers Falls . . . 
Feeder Dam... 



Glens Falls 

Sandy Hill 

Baker's Falls ( 
Fort Edward i 



Fort ^UUer. 

Saratoga 

Stillwater. . 



Mechanicville 

Mechanicville, elec . 
Troy 



84 
75 
18 

38 
70 

18 



9 

18 

6 

18 
19 

7 



27,340 

24,410 

5,860 

12,370 
22,780 

5,860 

2,930 
5,860 
1,950 

5.860 
6,180 
2,280 



380 



123,680 



23,330 

20,830 

5,000 

10,560 
19,450 

5,000 

2,500 
5,000 
1,670 

5,000 
5,280 
2,060 



16,340 

14,590 

3,500 

7,390 
13,610 

3,500 

1,750 
3,500 
1,170 

3,500 
3,700 
1,360 



12,7.30 

11.290 

2.730 

5,760 
10,600 

2,730 

1.360 

2,730 

910 

2,730 
2,8S0 
1,060 



7.430 I 
6,640 , 
1,590 

3.360 I 
6.200 , 

1.590 

800 

1,590 

530 

1,590 

1,680 

620 



105,680 I 73,910 



57,510 I 33.620 



1.780 

1,600 

380 

810 
1,490 

380 

190 
380 
130 

380 
400 
150 



8,070 



Total 

Average power added at all sites for 6 dry months . . . 
Check average = 380 x 176.52 == 67,080 horse power. 



402,470 
67.080 



Or the Sacandaga storage as thus used in First Stage can be made to add 
67,000 horsepower of 24 hour, 7-day power throughout the dryest six months 
of the average year at the sites already developed on the Hudson. 



Granting fhat the Sacandaga yields 15 per cent, more runoff per square mile, 
the increased pw/oer will he correspondingly larger than is here computed. 

There is said to be a total undeveloped fall of about 70 feet between Spier's 
falls and the feeder dam at Glens Falls. The additional power upon this 
would be substantially the same as figured above for Sandy Hill and Baker's 
Falls, and would therefore add 70/380 or 18.4 per cent, to the totals figured 
above, nwiking the total average addition in the dryest month about 146,500 
horse power, and in the dryest six months about 79,500 horse power. 
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Power from Sacandaga Storage, Second Stage. 
Increased power on present Hudson river plants if constant draft of 1,700 
c. f. 8. be drawn from Sacandaga reservoir for new power plant near Hadley. 
Computation of Power from the Stored Water, Per Foot of Fall. 



Number 

of 
month 
in order 

of 
dryness. 


Name of 

month 

oftenest in 

this order of 

dryness. 


Average 

natural 

yield of 

Sacandaga 

in 
proportion 

to 

drainage 

from 

Mechanicville 

gagings. 


Regulated 
yield. 


Increase 

in 

main 

river 

due 

to 

regulation. 


H. P. 

of 

increased 

flow 

in 

1 ft. faU 

at 

75 per cent. 

efficiency. 

X .08509. 


1 


September 

August 


625 
755 
984 

1,100 
1,270 
1,460 
1,600 

1,820 
2,120 
2,480 
. 3,300 
5,080 


1,700 
1,700 
1.700 

1,700 
1,700 
1,700 
1,700 

1,700 
1,700 
1,700 
1,700 
1,700 


1,075 
945 
716 

600 
430 
240 
100 

—120 

—420 

—780 

—1,600 

—3,380 


91.48 


2 


80.40 


3 


July 


60.92 


4 


February 

October 

June 


51.06 


5 


36.58 


6 


• 20.42 


7. ." 


November 

January 

December 

March 


8.51 








t349.37 


8 




9 




10 




12 


May 




12 


April 











* Average six months, 56.81. t Average seven months, 49.91. 

Power from Sacandaga Storage, Second Stage. 
Increased power on present Hudson river plants if constant draft of 1,700 
c. f, 8. be drawn from Sacandaga reservoir for new power plant near Hadley. 
Computation of Increased poufer at the Several Sites. 



Palmers Falls. 
Spiers Falls . . . 
Feeder Dam. . 



Glens FaUs . . 
Sandy HiU.. 
Bakers Falls. 



Fort Edward . 
Fort Miller... 
Saratoga 



Stillwater 

Mechanicville 

Mechanicville Elec . 

Troy 



Wkg. 
head. 



84 
75 
18 

38 
70 

18 

9 

18 

6 

18 
19 



380 



Added 

in 

dryest 

mo. 

(91.48) 



7,680 
6.860 
1.650 

3.480 
6,400 

1,650 

820 

1,650 

550 
1,650 
1,740 

640 



34,770 



2d. 
(80.40) 



6,750 
6,030 
1,450 

3,050 
5,630 

1,450 

720 

1,450 

480 
1,450 
1,530 

560 



3d. 
(60.92) 



5,120 
4,570 
1,100 

2,310 
4,260 

1,100 

550 

1,100 

360 
1,100 
1,160 



430 



30,550 23,160 



4th. 
(51.06) 



4,290 

3.830 

920 

1.940 
3.570 

920 
460 
920 

310 
920 
970 

350 



19,400 



5th. 
(36.58) 



3,070 

2,740 

660 

1.390 
2.560 

660 
330 
660 

220 
660 
680 

260 



13.890 



6th. 
(20.42) 



1,720 

1,530 

370 

780 
1,430 

370 
180 
370 

120 
370 
390 

140 



7,770 



7th. 
(8.51) 



710 
640 
150 



600 

150 
80 
150 

60 
150 
160 

60 



3.230 



Average 7 months . 
Average 6 months . 

Total 7 months 

Total 6 months. . . . 



380x49.91=18,970 
380x56. 81=?=2l,590 

132,770 

129,540 
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Or the storage as thus used in second stage, can be made to add an average 
of 18,970 net 2^ -hour, 7 day horse power for dry eat seven months and 21^590 
for dryest six months at the several sites already developed. 

At the undeveloped fall of about seventy feet below Spier's falls the ad- 
ditional power would be about the same, month by month as is reckoned above 
for Sandy Hill. 

Scope of the Sacandaga Surveys. 

This has already been outlined on page 35 and the series of 25 maps 
there presented in small scale photographic reduction from the original sheets 
tell the story of scope and completeness of the survey so fully that little 
description needs to be added. 

The whole area to be covered somewhat exceeds 60 square miles of which 
it is proposed to flood 42 by the reservoir. 

A large part of the bottom of the proposed reservoir consists of flat meadow 
and wooded swamp lands, but the shores are mostly rather steep irregular 
slopes which in many cases are covered with brush making progress of survey 
slow and difficult. 

Obviously the work of first importance was the obtaining of data for. 
locating the elevation of the flow line, the position of the future shore line in 
relation to existing structures and therefore a strip varying from % to ^ 
mile in width aggregating nearly 16 square miles in area, was first surveyed 
for almost the entire circumference of the basin. Traverses were run and 
sufficient levels taken to obtain in a general way the lay and general elevation 
of the bottom land to the extent of about 25 square miles more. In addition 
about 2 square miles of area down stream from the dam was surveyed in 
connection with the power-house studies. 

Beside this a rough survey was nearly completed around the Hadley 
Reservoir on the Hudson which will serve as a basis for future extension 
and which serves to locate the Hadley dam and to show the property in 
liuzerne and Hadley that would be affected. About 197 miles of traverses 
were run on the Sacandaga surveys and about 24 miles on the Hadley surveys. 

One hundred arid fifty-five miles of check levels were very carefully run for 
establishing benches and 214 permanent bench marks established. During 
the course of the survey the elevations and positions of about 60,000 points 
were determined for use in mapping. 

Twenty-six test borings, aggregating 1,304 feet in depth, were put down by 
the force under Mr. Ropes and 122 samples of the substrata preserved in glass 
bottles for future reference. Severe winter weather and snow caused a sus- 
pension of field work on December 10, after which the efforts of the force 
were concentrated on map making, designing and estimating. 
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PROPOSED PLAN OF SACANDAGA WORBIS. 

The main features are: 

I. A dam at Conklingville raising the watn* about 55 feet above its present 
level. 

■ 2. A lake of about forty square miles at high water formed by the flooding 
of the valley, due to this dam. 

3. A spillway over solid rock off to one side of the dam and sufficient for 
carrying the greatest conceivable flood. 

4. Sluiceways through which as high as 6,000 cubic feet per second may be 
discharged, these sluices and their intake forming the head works of a future 
power tunnel in the ledge. 

The above comprise the first instalment, sufficient for giving the Hudson 
at Mechanicville a uniform flow during the dry six months of the year, 
never less than 6,500 cubic feet per second. 

5. At some later date, a power tunnel under the mountain toward the 
power house near Hadley, about two miles in length and about twenty feet 
in diameter. 

6. A power house equipped with four or five units for regular use, each 
of 10,000 kilowatts capacity and one spare unit of same size, the whole 
being designed to supply about 60,000 electrical horse power to consumers 
during ordinary working hours, every working day in the year, as per com 
putation on page 147. 

7. A tail race about a mile and a quarter in length and formed mainly by 
deepening the present channel of the Sacandaga river from its mouth up- 
wards, by means of dredging. Borings show that beneath the river bed the 
material for about fifty feet or more in depth is sand, shingled over with a 
layer of boulders and cobble stones. 

Borings and test pits and studies of land values are not yet complete 
enough to show precisely the economic limits, but what I have aimed at is 
the maximum utilization that this site will afford, and subject ^to revision, 
it is now proposed that the flow line in extreme floods should seldom or ne-^r 
ri«e above contour 773 above sea level, this being with a depth of tliree feet 
over a spillway with crest at elevation 770. It is proposed that the lake 
should never be drawn more than thirty feet below the spillway level. It is 
possible that the further studies may lower ttie height of flow line five feet, 
and perhaps more. 

In the early years before the power house is built, while the reservoir is 
used solely for the benefit of the power sites along the Hudson, all the way 
from Palmers Falls to Troy, the equivalent of a yearly average discharge 
of 1,700 feet per second (or more probably 1,900 c. f. s.) every hour in the year 
which such a reservoir is found capable of supplying, would be nearly all 
discharged within the six dry months, thus averaging about 3,100 cubic feet 
per second for these months, but in the dryest week of a dry year, averaging 
as high as 5,000 cubic feet per second, and varying month by month as needed 
to supplement the flow of the main Hudson, as shown in table on page 152. 

In the later years after the power house is built, it is proposed to draw 
the reservoir at substantially a uniform rate throughout the year, regulating 
the rate of draft from hour to hour mainly for the benefit of this Sacandaga 
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power house, and a few years later or as soon as the Sacandaga power house 
was fully utilized, building other reservoirs on the upper Hudson ahove 
North Creek and at Hadley and upon the Schroon, which tcould in com- 
bination with the regular draft from Sacandaga reservoir maintain as great 
or a greater flow for all the mills below Hadley, than the 6,500 cubic feet 
per second provided for in the first stage while the Sacandaga reservoir was 
devoted solely to the use of the down river mills and therefore kept nearly 
shut off for six months in the year. 

It is planned to take the whole head of the new Sacandaga Lake into the 
power-house, with the exception of what is lost by friction in the tunnel, and 
ia proposed to make the tail race deep enough so that the power-house will 
have the benefit of the Hudson level below Hadley, as nearly as the necessary 
friction loss in this tail race channel will permit. 

The varying head in the lake will involve the use of a tunnel under 
pressure. 

A surge shaft and tank at the lower end of this tunnel is designed so as 
to prevent any large oscillations of head when rate of power draft is suddenly 
changed, and by this means, high velocities in the tunnel may be used during 
peak loads. 

The general layout is shown in drawings of plates Xos. 11 to 10. 

The average elevation in the lake would be 765 feet, for as is shown in 
the depletion diagram, plate 4 and in the description on pages 113 to 116 
this reservoir would seldom be drawn down more than ten feet at the 
extreme low point of an ordinary year. 

And allowing a total friction loss under average working conditions of 
fifteen feet in head-works, tunnels and penstocks, this leaves for the working 
head at the power-house, elevation 750 feet. 

Assuming that the tail race can be dredged economically in the sandy 
material shown by the borings, of such ample size that there will be a loss 
of only about one foot per 1,000 feet or of seven feet between the turbine pit 
and the Hudson river, which ait the confluence has ordinarily an elevation of 
548, this gives as the working level in the turbine pit an elevation of 555 feet 
above sea. 

The working head will therefore be 750 — 555 = 195 feet. 

To allow for possibilities of the lake level having to be lowered, or of 
the tail race level being higher, we call the net fall ten feet less than just 
estimated, on 185 feet. 

Each ten feet difference in the net fall makes a difference, including 40 
per cent, load factor and other factors as above, of about 2,700 horse power 
at the consumers' end, and adds nothing in cost of tunnel or turbines or cost 
of power-house or in the daily cost of attendance and maintenance and adds 
substantially nothing to cost of transmission plant, and if this electrical 
power under the 40 per cent, load factor is worth no more than twenty dollars 
per horse power at the consumers' motor, the yearly value of each ten feet 
additional head would be $54,000, which capitalized at 6 per cent, is $900,000, 
or capitalized at 8 per cent, is $675,000. And this is the limit to the extra 
expense that could be profitably incurred in gaining ten feet of extra head. 
This shows the importance of so designing the plant as to secure the utmost 
fall on the turbines by means of a high reservoir level and also by a deeply- 
du^ tail race channel. 
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The preliminary designs have been made for a tunnel lined with concrete, 
of the ordinary horse-shoe aqueduct section, and equivalent in area to a circle 
of twenty feet in diameter. 

A preliminary study had made so plain the importance of obtaining the 
greatest possible elevation of flow line for the purpose just mentioned and in 
order that suflBcient storage could be had to carry over from a year of large 
rain fall for use in a year of small rain fall and yet have enough to permit 
at all times keeping the swampy bed of the basin well covered, that surveys 
to determine the maximum height of flow line permissible were made in great 
detail. 

Contour lines at all the villages bordering the lake were traced out and 
all dwellings and other buildings were located out as far as could be affected 
by the highest possible flow line, and plans for future reference were pre- 
pared, as has been already set forth in items 9, 10 and 11 on pages 35 and 
36. There land plans form Series " C." Small scale photo-engravings are 
appended, at end of report, that the information obtained may not become 
buried from use. 

The accompanying drawings, plates 11 to 16, show the outlines of the 
proposed dam and power-house structures. 

BbBiNGS AT Dam Sites. 

Wash borings were promptly undertaken at the several sites which appeared 
most favorable for a dam. Owing to the lateness of the season the number 
of holes put down was much less than desired and the contractor who 
undertook making diamond drill borings to bed rock suffered from a series 
of financial misfortunes and mechanical accidents, such that he succeeded 
in putting only a single hole, to the depth of about 100 feet, without reaching 
ledge. 

Mr. Parsons, engineer of thte Hudson River Power CJo., kindly gave us 
results of a few similar borings that he had put down. 

Samples from these borings have been preserved and forwarded to the office 
of the State Water Supply Commission at Albany. 

A few representative specimens were forwarded for expert examination; 
one set to one of the experts of the Board of Water Supply, who was engaged 
in making many hundred deep borings on Long Island; and another set of 
the same to Prof. W. O. Crosby of Boston, Consulting Geologist to the 
Metropolitan Water Board of Boston and to the Board of Water Supply of 
New York city. The reports follow on the next page. 

From my personal examination and from the more complete daily examina- 
tions of Mr. Ropes as the work progressed, I believe that all borings thus 
far made concur in showing the feasibility and safety of the type' of dam 
proposed at this site, but before becoming definitely committed to so important 
a work, many more borings should be taken. 

All borings concur in showing that a deep buried gorge more than a 
hundred feet deep ecoists all along under the river bed. 

The following' is result of expert geological examination of a few of the 
samples. 
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massachusetts institute of technology. 

Boston, Mass., Geologica.l Dept, 
Classification of a Fete Sottiples from Sacandaga Dam Site. 

February 27, 1908. 

Mr. John R. Fkeeman, Consulting Enginter, Providence, R. I.: 

My Dear Sir. — I have examined the samples of earth from the proposed dam 
sito on the Sacandaga river sent me by Mr. Ropes, and beg to report on the 
same as follows : 

Test-pits B and I) (on southerly side of dam site B). These two samples are 
oasontlally identical. The material Is clearly a rather sandy till or bowlder 
clay, derived by glacial erosion from a granitic bedroclc. It is of a highly com- 
posite character — a heterogeneous mixture of particles ranging in size from gravel 
to rock flour and clay, the finer grades of sand and rock flour largely pre- 
dominating. The proportion of true clay is quite small, but still sufficient to 
yield a firm mass by drying. Although, to the naked eye, the material appears 
dense or non-porous, it absorbs water rapidly on partial immersion, showing that 
the interstices are mainly capillary in size, and not sub-capillary, as would be 
the case in a true clay. It cannot, therefore, be described as impervioas; but, 
I believe, nevertheless, that actual trial, for which these samples are Insufficient, 
would show that the filtration rate is low. Abundant experience has shown that 
this association of a low filtration rate with a marked degree of perviousness is 
not unusual, and that it is especially characteristic of rock flour and sandy till. 

By virtue of its sandy and essentially non-clayey character, this till would 
yield readily to a stream of water, and thus be found well adapted to excavation 
and transportation by the hydraulic method. In fact, it may be doubted if earth 
more suitable for use in this way could be found ; since a larger proportion of 
clay would add to the resistance to excavation without insuring a larger pro- 
portion of clay In the re-deposited material. 

The marked buflf color of these samples is due to oxidation, and indicates that 
they are probably from near the surface. Or, If from a considerable depth, the 
color affords additional proof of unusual perviousness for till. The general effect 
of oxidation, aside from change of color from gray to buff, is to cement the 
"articles and yet leave the structure more open. 

Tettt-pit F at dam site I) (adopted site) southerly side. This sample is 
essentially similar to the preceding, except that the color is gray instead of 
buflf and It has, presumably, come from a greater depth, or at any rate from 
below the zone of oxidation. 

Test-pit O, dam site 1>. southerly side. This sample is also essentially similar 
to the preceding, except that It is distinctly more sandy, containing hardly more 
than a trace of clay. An approximate analysis shows : 

Gravel 50 per cent. 

Coarse and medium sand 25 per cent. 

Fine sand 15 per cent. 

Sap(?rline sand and rock flour 10 per cent 

This material must have suffered a considerable loss of clay and rock flour 
by the washing action of water at the time of its deposition. But it is probable 
that in spite of this its highly composite character gives it a low filtration rate. 
The buff color is less indicative as to depth than for samples B and D, because 
of the more sandy and permeable character. But for the angular and unworn 
forms of the stones, this might, if judged by so small a sample, be regarded as 
more properly gravel than till. Field observations are essential to the satisfactory 
classification of such materials. 

FiOmple No. 5, on river margin at dam site D, from boring 185 feet deep 
reprcsonts ground from 109 to 185 feet below top of hole. This is essentially a 
mixture of superfine sand and rock flour (6, 7, 8) without clay. It Is modified or 
washed drift which has been deposited in standing water and under conditions 
unfavorable to a low uniformity coeflicient. Consequently a low filtration rate is 
a safe assumption. Under the conditions stated in previous report (six-inch 
column and ten-foot head), the filtration would quite surely fall below 500 and 
possibly below 100 cubic centimeters per hour. In this connection it would be 
of special interest to know whether this Is a dry or a washed sample. To be 
conservative, I am assuming it to be the former. It is unoxidized (gray instead 
of buflf) ; but this Is what we should expect from its position, well below the 
water table. It Is unoxidized ; and its filtration rate must be very low, or 
practically zero. As a foundation for the proposed dam it may be accepted with 
entire confidence. 

Very truly yours, 

(Signed) W. O. CROSBY. 
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Pboposed Dam. 

After deep borings had shown no ledg« in the river bed within economic 
reach, and that beneath the present river channel is a preglacial gorge perhaps 
150 to 200 feet deep filled with fine sand, the preliminary estimates indicated 
the best and most economical solution to be a great earth dam of almost 
unprecedented thickness combined with a new spillway channel constructed 
over the ledge at one side. 

Four sites designated as A, B, C, and D on plate No. 11 were studied and 
the preliminary survey and the comparative estimates indicate that D is the 
best. The type and gen^eral dimensions proposed are shown in plate Xo. 12. 

It would doubtless be entirely safe to make the dam much thinner and with 
much less height above the flow line than I have shoWn in this preliminary 
plan but liberal dimensions are adopted for purpose of estimate until later 
borings shall show character of ground more completely, and because the 
hydraulic fill type is novel in this part of the country. The excavation and 
placing of material by the hydraulic sluicing process is so very cheap per 
cubic yard that one can afford to be generous in the quantity used. 

A concrete core wall is added in deference to the popular belief that this 
would be one more precaution for safety, and below this core, triple lay sheet 
piling would be sunk perhaps forty feet deep in a line entirely crossing 
the gorge. 

The excessive thickness of about 230 feet at flow line, the thickness of about 
1,000 feet on present river bed, and the super-elevation of twenty-five feet 
above the sp 4way are all excessive and preclude that the dam should be cut 
through malice, or overtopped by a cloud-burst or that percolation beneath 
it can cause trouble. 

The spillway crest is given the ample length of over 800 feet, or more than 
has been given to dams on the main river, at some of which the drainage area 
is four times as great as here, and this notwithstanding the great effect of a 
lake of forty-two square miles area in holding back a flood. 

The discharge channel over the ledge has purposely been given a very high 
and increasing declivity and a straight course with smooth walls, in order 
that by no chance can it become gorged. The large quantity of ledge that 
will be excavated in forming this spillway, together with broken rock from 
the tunnel can be used to form a very ample but cheap riprap for the dam. 

In brief, it has been planned to provide most ample factors of safety in all 
features of the design. 

To care for freshets during the period of dam building, it is proposed to 
begin this work by driving a tunnel about twenty-five feet in diameter through 
the spur of ledge and at as low an elevation as practicable, through which 
all summer ordinary floods could pass; and to provide against the washing 
out of the partially completed earthwork in even a most severe flood, by 
confining the work in the river bed between two temporary coffer dams some- 
what more than 1,000 feet apart built of cribs of rough logs filled with stone, 
planked on their upstream faces, each line of this planking being con- 
nected to a line of deep sheet piling sunk by water jet. These coffer dams 
would be finally filled over and left within the finished structure, which would 
be given very flat slopes, about three feet of lean concrete would be used in 
topping out the steps of the high down-stream coffer, and for the down-stream 
6 
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lacing of the crib. The type of structure proposed has been many years in 
successful use on the Susquehanna and other rivers, but this one being of a 
temporary character could -be more roughly built. 

The upstream coffer would be about sixteen feet high and the down-stream 
about forty feet high — and in case of flood the space between would be 
expected to fill while the flood would pass off over the stepped overfall of 
the down-stream coffer dam — with no chance of cutting out any large portion 
of the earth already deposited upstream from it. It is believed the con- 
tingencies of log jams and of floating snags clogging the tunnel can be amply 
safeguarded. 

The intake tower of reinforced concrete shown in outline in plate 13, would 
be built within a coffer dam in time of low water after the completion of the 
main structures while temporarily storing the river flow and would have its 
lowest gates so set that when- carrying the normal rate of discharge the 
reservoir could not be drawn below about elevation 740. 

Within the past year and a half I have had opportunity to study the 
process of earth dam building by hydraulic sluicing in California, Colorado 
and Mexico, the dams in the two localities last named being far larger 
structures and for much greater depth of water than proposed here and, 
subject to further exploration by test pits and borings, I believe the method 
can be used here to great advantage, and will give by far the cheapest and 
safest type of dam. 

The accompanying drawings, plates 11 to 16 illustrate the general type and 
dimensions of the structures proposed and upon which the preliminary esti- 
mates of cost are based. 

It is assumed that the power house would not be built until some years 
after the reservoir had been put in use for storage, and that the tunnel 
already described would serve for the discharge sluices and that it would be 
provided with gates and bulkhead at its lower end, from which it could be 
extended to the power-house. 

Gates to be provided near its temporary end immediately below the dam, 
could be used to discharge any desired amount from the reservoir directly 
into river, without passing it through the power-house. 

The proposed power tunnel probably involves some special difficulty in 
passing through wet earth at one or two short intervals of its length and 
at its lower end, but it is believed this sandy ground can be drained of the 
ordinary ground water temporarily while the work is in progress by driven 
wells of large size — closely spaced, so that only the ordinary problem of a 
tunnel in damp sand will be presented. It is planned that for these sections 
in earth the concrete lining would be of extra thickness and heavily reinforced 
by corrugated steel rods to withstand the water pressure. The lining of the 
tunnel where in rock would be of the ordinary type of concrete tunnel lining, 
without reinforcement. 

The power-house can be given an abundantly safe foundation of concrete 
having deep lines of sheet piling under its edges, although the bed rock be 
a hundred feet below. 

In view of the long tunnel line, special attention has been given to avoid- 
ing troublesome pressure waves while changing the output of power from 
time to time and the power house has been so located that an ample basin 
of about 200 feet diameter can be placed on the hill near it at the reservoir 
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level. Indeed the position and elevation of this hill finally controlled the selec- 
tion of the power house site. The connecting surge pipes have been com- 
puted of size suitable to check oscillation and to give quick efficient governing 
of the turbines, without waste of water, and the length of the feeder penstocks 
has been carefully kept within the limits permitting quick governing without 
difficulty from momentum pressures. 



ESTIMATES OF COST AND PROFIT. 

March 1, 1908. 

At the time of selecting the Sacandaga project and the Portage project as being the two 
opportunities for water power development under State control that promised the best 
return, in a broad sense, of any of the possibilities found in a study of the maps and of 
previous reports, rough estimates were made which indicated a fair margin of profit to the 
State in both of these projects. 

That these investments would be profitable also appeared reasonable in the case of the 
Sacandaga from the earnestness with which the Hudson River Power Company had sought 
control by the bonding of lands in the reservoir bed and through asking the approval of" 
the Public Service Commission for a bond issue of some millions of dollars for financing: 
the construction of a smaller Sacandaga reservoir and its proposed temporary dam. 

In the Portage development, the reasonableness of a profit seemed assured from the 
estimates of cost by Mr. Rafter, published with the State Engipeer's report for 1895, and 
from the earnestness with which it had been sought to revive the charter of the corpora- 
tion formed some years ago for water power development at Portage. 

I have myself hesitated to present estimates concerning the cost and probable profit, in 
this progress report, or until borings and test pits should further confirm the entire feasi- 
bility of the designs submitted, and until studies of flood control at Rochester, and in the 
broad valley above Rochester, should show what part of the burden could fairly be placed 
on those interests, and until studies of flood relief at Troy and Albany and studies of the 
improvement in navigation which would result from an increase of 4,000 or 5,000 cubic 
feet per second in the summer flow at Mechanicville should give some measure of the prob- 
able value of these benefits, and until the collection of data showing the benefits of freshen- 
ing the polluted river above Poughkeepsie by a miv:h larger summer flow. 

On further consideration, it appeared plain that the questions of cost and profit are so 
vital to the attractiveness of these projects or to their feasibility in a commercial sense » 
that I have had the following estimates prepared. 

They are intended to be made on a liberal basis as regards quantities, unit prices and 
contingencies, but it is to be clearly understood that they are made prior to the completion 
of the final studies and are subject to revision. 

I will confess to some disappointment that the totals are so large, and that the cost per 
horse power, if all the burden is thrown on to the water power, is so much larger than the 
reputed cost of development at Niagara and sundry other power sites. 

It is, however, natural that the sites presenting the greatest natural advantages in first 
cost should have been already developed, and that the developments of the future, as the 
remaining opportunities are successively, availed of, will increase until the margin between 
the cost of water power and the cost of steam power is much smaller than at present. 

It is commonly good practice, in a general estimate like this, to present only the results, 
in round numbers; but in the following, I have thought it well to present the figures in some 
detail, in order that it may be plain that details have been considered in reaching these 
figures, and in order that in these days of rapidly changing costs, it maybe more easy some 
years hence for others skilled in the art to critically examine or revise these estimates. 
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» sacandaga project. 

Cost of Reservoib Site. 

The elevation of spillway is now proposed at 770 feet above sea level. Possibly opposi- 
tion may lead to some sacrifice of efficiency, and it may become expedient to fix the spill- 
way at elevation 765. 

Little, if any. farming lands, woodland or pasture land lying 3 feet or more above the 
•pillway crest would be appreciably injured by the back water from the reservoir, for it 
'would be rare indeed that other than a winter freshet could rise 3 feet above the spillway 
•evel. for at this height above 20,000 cubic feet per second could be discharged (nearly 
16.000 c. f. s. over spillway and about 4.000 c. f. s. thru sluices) equivalent to 20 c. f. s. 
per square mile, or to 0.71 inch in depth of run-off over entire watershed, in addition to 
which the rise of 3.0 feet in the lake level above the spillway crest would hold back nearly 
An inch in depth of run-off. 

Perhaps once in each quarter century, or in each half century, a rise for a few hours to 
."5.0 feet above the spillway level would be had. but in the absence of hourly gage heights 
• during a flood, for showing the form In which the Sacandaga flood-wave reaches Conkling- 
▼ille, no attempt has yet been made to compute the exact limit of height. The 5 foot 
depth over spillway, aided by open sluice gates, would pass about 36,000 cubic feet per 
second or 36 cubic feet per second per square mile, which is a large flow for a forest covered 
area of 1,050 square miles having lakes and swamp lands on its head waters. The land 
damages should therefore fairly be estimated to include lands lying below contour 775. 
In order to give ample margin of safety the dam and spillways are planned sufficient for a 
.much greater flood than this. 

ITo make sure of our surveys being sufficiently inclusive, the lands were surveyed and 
^contours run up to elevation 780, and the following estimate is figured out to that limit 
altho plainly excessive in area. 

The total area up to elevation 780 is 29.430 acres =* 46.0 square miles. 

The total area up to elevation 770 is 27,350 acres = 42.7 square miles. 

Between 770 and 780 2,080 acres 3.3 square miles. 

Among the courtesies extended to us by the Hudson River Electric Power Company 
was that of permission to copy their land maps and take note of values at which sundry 
parcels had been bonded. This corporation had for two or three years held options on a 
considerable part of the land up to or above the 770 contour, but mostly below the 750 
contour. « 

Notwithstanding that much of this portion of the valley is in a decadent condition since 
the abandonment of tanneries and factories, and that the property owners in general ap- 
peared desirous of converting their lands and buildings into cash, we have in making the 
following valuation added 50 per cent, to the general scale of prices agreed on in the options 
Just mentioned, to allow for the customary legal and other expenses and for the higher 
price that land bought or taken for pubUc purposes appears to command. For the land 
between elevations 750 and 780, we have allowed a still more liberal estimate. 

We thus find as total probable cost of reservoir lands to the State about S2.OO0,000. 
this embracing about 29.400 acres. The whole thus averages, including buildings. $68 per 
acre, but much of the land is swamp or brushland or sterile pasture. 

During the progress of the surveys, inquiries were made of many residents in different 
neighborhoods, with a view to determining the actual values of typical parcels, as between 
a willing seller and an intending buyer. 

The replies tended to show that the average selling values within the Sacandagra valley 
were: 

Brush and pasture land about $5 00 per acre. 

Wood land 20 00 per acre. 

Tillable land 30 00 per acre. 

These prices would include the ordinary farm buildings. 

An attempt was also made to learn the ratio of assessed value to market value by first 
obtaining the assessor's valuations and then viewing the property and making outside 
measurement and inspection of the buildings. About one-half the property had been 
^one over in this manner before the work was stopped by severe storms and deep snow. 
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In general, the town clerk stated the ratio of assessed value to fair market value as about 
two-thirds. The town clerk of Day gave no ratio. Comparison of the records with th» 
etatements of individuals and with the judgment of the engineer, so far as the work had 
progressed, would indicate the ratio to be more nearly one-fifth or one-sixth for farm prop- 
erty, one-third for village lots and buildings. 

An enumeration and classification of the buildings within the Sacandaga reservoir limits^ 
based on our maps and surveys, gives the following totals: 



Below 

elevation 

770. 



Between 

elevation 

770 and 

780. 



Total. 



Dwellings 

Barns and outbuildings 

Churches 

Stores 

Schools 

Mills 

Miscellaneous 



447 
611 

1 
4 
4 
9 
7 



1,083 



127 
132 
3 
3 
1 
1 




267 



574 
743 
4 
7 
& 
10 
7 



1,350 



The average value of these buildings appears from our detail Usts to be about S750 each 

On this basis the value of all the buildings would be 1350 x $750 = $1,012,500. 

The value of the buildings situated between contours 770 and 780 is thus; 267 x $750 =» 
$180,250. 

The location of, say, two-thirds of all the buildings is, in general, near the shore of the 
proposed reservoir and in the majority of cases these could be moved back to new sites 
above the flow line without much trouble or expense. 

This being the case, some proportion of the first cost of these buildings should be recov- 
ered during the progress of the work, but because of the uncertainty of the amount, no 
allowance for salvage on these buildings has been made in the total estimate of cost of land 
and buildings to be acquired by the State. 



Clearing and Grubbing Sacandaga Reservoir. 

Observations relative to the area and character of the brush and timber lands within the 
reservoir had been only about one-half completed, when severe winter weather covered the 
ground with snow and compelled the abandonment of the work. It is not, therefore, pos- 
sible to do much more than make a guess at the remainder. From a study of our maps and a 
general knowledge of the country, it would appear that an assumption of 9,400 acres of land 
requiring clearing and grubbing will not be too liberal for purposes of a preliminary estimate 
A considerable proportion of this is scrubby brush and sprout land, comprising small white 
birch and alder growth, which if cut close to the ground will make grubbing unnecessary. 
The brush should be cut close ^and burned, from land of that character, for about $15 per 
acre. 

In the Vly district there are several thousands of acres of woodland, covering low lands 
which are swampy and difficult of access, except when frozen over in winter or during 
extremely dry seasons. The trees in these woods are fairly large and lumbering operations 
wiU be difficult. Such land as this would cost from $80 to $100 for complete grubbing ajjd 
clearing, but the lumber would have some value, and only a portion of this ground needs 
to be so thoroly cleared. Portions of these woodlands lie between elevations 725 and 730, 
or so low that if the reservoir is not to be drawn below the 740 level, the grubbing of stumps 
can be dispensed with wherever the depth at low water will not be less than five or ten 
feet, or on all ground at elevation 730 and less. 

Averaging the light cutting with the heavy and making allowance for areas where the 
grubbing can be omitted, $30 per acre_ seems a very liberal preliminary price for this item. 
This is more than double the actual cost at Indian Lake where all stumps were left pro-- 
jecting about two to three /eet and the hardwood left to sink, not being thoroly burned » 
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There la compftratiyely Uttle pine, hemlock or spruce timber of marketable size within 
the reservoir. Of the remaining varieties, comprising oak, maple, elm, etc., some of the 
trees would make good lumber, and the woods could yield a good quantity of piles, poles* 
ties, fence posts, etc., but it is probable that a large part of the timber would be for con- 
venience turned into cordwood, and that an undue proportion of the tops and large branches 
would be burned on the ground as being the cheapest method of disposal. Altho the tim- 
l>er would not generally be worth a high price it is likely that with good business manage- 
ment a substantial return could be obtained from the saleable portions, and on some lots 
enough to pay for a large portion of the cost of clearing, and grubbing. 

f Relocation of Highways for Sacandaoa Reservoir. 

A reservoir with the normal flow line at elevation 770 will require the discontinuance of 
about 67.6 miles of traveled public roads and probably lead to the construction of very 
nearly 41.0 miles of entirely new roads skirting the shores of the reservoir at a safe elevation 
above highwater mark; also the raising of the Droadalbin-Mayfield road for a length of 
0.9 mile for crossing three arms of the reservoir. 

There will be. therefore, a total of 41.9 miles of highway f5 reconstruct. 

The roads replaced by this new construction are quite generally of the ordinary type of 
country road on which very little work has been done, beyond crowning up the center of the 
road with sods and earth scraped from the gutters at the sides. In a few instances, some 
effort has been made to Improve short sections of the most Important roads by surfacing 
with gravel or other easily obtainable selected materials, but this latter has been dooe only 
to a very limited extent. 

There are no sections of State road, nor any macadam roads within the limits of the 
reservoir. 

Under these conditions, If the State has to do no more than replace the highways des- 
troyed by others only equally as good. It Is probable that the cost of grading, bridging and 
fencing for the new roads would not exceed $3,000 per mile. 

It Is likely, however, that the State would be called upon to adopt a more liberal policy* 
and that wherever new State roads are built, around these reservoirs, they will approach to 
aer gtaer or less degree, according to the Importance of the road, the high standards of con- 
atructlon In vogue In the State Highway Department. 

This policy of building excellent roads would do much toward settling the margins of the 
iake with summer cottagers and giving to the valley much more of taxable value and pros- 
perity than It enjoys today. 

If this Is done, then new roads, with roadways eighteen to twenty-two feet wide, surfaced 
with gravel or broken stone ten to fourteen feet wide according to traffic requirements and 
having masonry culverts and substantial bridges, guard fences, etc., cannot be built thru 
this section for very much less average cost than 16,000 per mile, and this figure Is adopted 
for the purpose of this estimate. 

41.9 miles new highways west of center line of Conklingvllle dam at $6,000 per 

mile - $251 , 400 

Capitalized value of operation of scow and motor for ferry across reservoir at 

Northampton, operated about eight months in the year 20 ,000 

Raising and remodeling bridge across Sacandaga river at Northvllle 4,000 

Total $275,400 

Relocation of Fonda, Johnstown A Gloversvillb R. R. 

Aoout six miles of the present location between Mayfield and Cranberry Creek stations 
will probably be affected by high water conditions In the new reservoir to an extent to 
require relocation. 

But to obtain a favorable new location. It will be necessary to abandon as much as 7.91 
miles of the existing line, beginning about 600 feet north of Broadalbln Junction and run- 
ning to about 4,600 feet north of Cranberry Creek depot. 

The proposed relocation as indicated on topography sheets 30, 31, 32, 36 and 37, will be 
«20 feet shorter than the present location. Therefore, It will require only 7.74 miles of 
new construction to replace the. 7.91 miles to be abandoned. 



Studies of Water Power Development. 



167 



^ This means that the new line will be morer direct than the present line. Also since the 
maximum gradient need not exceed 1 per cent, or 52.8 feet to the mile in either direction, 
and since 4 degree curves are the sharpest it is proposed to use, the new line will compare 
very favorably with the present line in respect to the rate of ruling grade, curvature and 
distance. In the matter of rise and fall, however, the proposed location appears to be 
somewhat at a little disadvantage, but on the whole we believe that the new line when 
rebuilt according to the proposed specifications, can be easily shown to be more desirable 
than the line in its present location. The proposed location of depot and station grounds 
for Mayiield will probably be regarded as more convenient than the present conditions and 
will give that village improved traffic facilities. 

A strip of territory 'wide enough to include the best location for the new line was care- 
fully surveyed and mapped to a scale of 100 feet to 1 inch. On these maps, a paper location 
was projected, and preliminary estimates of cost were made in detail for the different classes 
of construction entering into the work. 

A summary of this estimate is presented below.' 

This estimate provides for a well constructed road, in nearly all respects superior to the 
one now in use. 

The estimate is based on the following assumptions: 

Width of roadbed 16 feet on embankments, 
18 feet in rock cuts, 
20 feet in earth cuts. 

All culverts and bridge abutments to be of concrete masonry. 

Bridges at highway crossings and streams to be steel spans. 

New steel rails, 70 lb. per yard. 

Gravel ballast on roadbed. (The present line generally speaking is ballasted only with 
earth. ) 

The estimate also provides for right of way 100 feet wide with a- liberal allowance of 
extra width at Cranberry Creek and Mayfield stations; for ample station buildings, sidings, 
etc., for fencing both sides of track for entire length and for reconstruction of telegraph 
Une. 

Note. — ^The total curvature in new line « 129 degrees. 
The total rise and fall = 190 feet. 



Relocation F., J. & G. R. R. for Sacandaoa Reservoib. 

Summary of Detail EaHmatea of Cost, 

Miles. 

Length of new main line 7 . 74 

Length of new side tracks .76 

Total 8^ 

95 ,000 cubic yards earth excavation, at 40 cents $38,000 

133, 000 cubic yards borrowed embankment, at 35 cents. 46, 550 

44,000 cubic yards rock excavation, at $1.25 55,000 

12 culverts ." 10,000 

6 railroad bridges 38, 500 

2 highway bridges ." 7, 200 

station buildings at Mayfield 5 , 000 

station buildings at Cranberry Creek 2, 500 

right of way 100 feet wide and station grounds at Mayfield and Cran- 
berry Creek 14,005 

8.5 miles main track and sidings at $6,750 57,370 

turnouts, frogs, guardrails, etc 1 , 000 

17 miles right of way fence, at $112 1 ,900 

8i miles telegraph line, reconstructed 1 , 000 

$278,025 
Engineering and contingencies, 15 per cent 41 , 700 

$319,725 
say $320,000 



or about f 40.000 per mile. 
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General Summary of Cost — ^RbuoH Preliminary Estimate. 
Reservoir. 

29,430 acres of land for reservoir and margins, to flow line elevation 780 $2,000,000 

«,400 acres of clearing and grubbing at $30 282,000 

Relocation of Fonda, Johnstown and Qloversville Railroad, 8.5 miles complete. 320,000 

Relocation of highways, 41.9 miles of new roadways as good as present roads 

($2,000 per mile) 84.000 

Additional allowance of $4,000 per mile of road to meet probable demands of 
the public for a higher standard of construction and which mig^t be charged 

to the State highway appropriation or to local betterments 168,000 

Capitalized cost of Northampton ferry and remodeling bridge at Northville . . . 24,000 

Rebuilding telephone lines 7,000 

Conklingville dam, spiUway, regulating gates and outlets 1 .061,000 

$3,946,000 
Add for administration, superintendence, engineering, legal expenses and con- 
tingencies 16 per cent 591,900 

Total cost of reservoir and dam for normal flow line elevation 770. as complete 
1^ and adapted to be used for storage purposes only for benefit of Hudson river 

' below Hadley $4,537,900 

or, say, in round numbers 4,550,000 



' DETAILS OF ESTIMATES FOR SACANDAGA RESERVOIR. 

Preliminary Estimate op Cost op Dam at Conklingville. N. Y. 

At Site *' D." indicated on map. 
i Main portion of dam to be built of earth sluiced into place. 

A heavy concrete corewall starting from suitable foundation a few feet below the bed o 
the river and reaching to 5 feet above the normal flow line, or to elevation 775. extends the 
full length of the dam. Below the core wall a line of sheet piling driven well down into the 
bed of very fine sand which fills the ancient channel of the river, has been provided as a 
cut-off to reduce seepage to a minimum. 

The water side of the dam to be protected by a very thick layer of loose rip-rap composed 
of cobbles and boulders from the earth borrow pits for the dam and from the rock excavation 
for the over-flow channel. The lower toe of the dam will be amply protected from damage 
from the back-wash of the flood waters passing through the over-flow channel by building 
this part of the dam wholly of loose rock to come from the waste way and tunnel excavations 
The waste way has been designed to be wholly in ledge for the portion around the end of the 
dam, where any fear of erosion need be felt. The top of the earth dam has been assumed to 
'be 110 feet wide and is considered as carried up to elevation 795 or 25 feet higher than th^ 
crest of the spillway. 

Estimated Quantities in Main Portion op Dam. 

1. Earth embankment, 877,000 cubic yards at $0.25 $219,250 

(25 cents to cover cost of excavation and placing the sluiced earth and 
the cost of placing rock and earth excavation from the tunnel, waste 
channel, etc.) 

2. Excavation of earth and boulders from bed of river for preparation of 

foundations, 22 ,000 cubic yards at $1.00 22 ,000 

(This includes core wall trench and cost of pumping.) 

3. Triple-lap sheet piling for cut-off, O^xoO' long. 

700 lineal feet = 350 M. B. M. at $60 21 ,000 

4. Concrete core wall, 11,500 cubic yards at $7.00 80 , 500 

5. Rip-rap, 27,500 cubic yards at $0.50 for placing 13 ,760 

6. Drainage system, 4,000 lineal feet vitrified pipe drains, 8" to 16* diam.laid, 

catch basins, etc 4 ,000 

Total for main dam $360. 50a 
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JSpiUway: 

7. Earth excavation from spillway channel and entrance channel to 

same, 135,000 cubic yards at $0.35 $47,250 

(Placing of this Is provided for by the 25 cents per cubic yard, 
item 1.) 

8. Rock excavation from spillway channel, 134,600 cubic yards at 

$1.00 134,600 

9. Concrete lining for floor and rock eides, 16, 100 cubic yards at $5.00 80 , 600 

10. Steel reinforcing rods in floor and sides. ' 

1" square rods, 12* spacing east and west. 

1" square rods, 24* spacing north and south. 

450,000 lineal feet, 700 tons at $60 42,000 

11. Cyclopean masonry in roUway, 5,500 cubic yards at $4.50 24,750 

12. Rubble and concrete masonry in retaining walls of wasteway, 

18,400 cubic yards at $4.60 82,800 

13. Paving and protection work at junction with river, 600 cubic 

yards in mortar, $3.00, $1,600; placing rip-rap, etc., say, 2,600 4,000 

Total for spillway 415,900 

Intake Works: 

14. 800 lineal feet, cut and cover aqueduct, 26' diameter at $75.60 

per foot $60,400 

16. 600 lineal feet rock tunnel, 25' diameter, $169.80 per foot 84,900 

16. Gate house, outlet pipes, valves, etc., adapted to use of reservoir 

for storage purposes only, say 26 ,000 

' (Add another $30,000 for extra cost of gate house, gates, 
screens, etc.. suitable for power project.) 

17. Sluice gates, weir, etc., at outlet of discharge tunnel 20,000 

Total for intake works 190,300 

Grand total $966, 700 

Relocation of Highways at Dam: 

Additional rock excavation for road north of spillway, 23,000 cubic 

yards at $1.00 $23,000 

2,600 lineal feet of road on south side, 22' wide, 14' macadam at 

$8,000 per mile 3 , 800 

1,800 lineal feet of road on north side 22' wide, 14' macadam at $4,000 

per mile 1 , 400 

1 140' concrete span and north abutment for same _^,000 

34,200 

Coffer dams, temporary spillway of timber cribs, rock filled, care of water, etc . . 48 , 000 

Dressing slopes, loaming, seeding, etc 12,000 

Total estimated cost without any allowance for superintendence, engineer- 
ing, contingencies, etc $1 ,060,900 
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SACANDAGA POWER PLANT 
Necessary to Couplets the Development in New Power-House One and One-pourth 

Miles West from Hadlet, of About 75,000 Horse-power Measured on the Turbine 
I Shaft as for Regular Use Under 40 per cent. Load Factor, with Occasional 

Higher Peaks. 

Generating plant of six equal units of 10,000 kilowatts each equals 60,000 kilowatts, 
five for regular use, one spare. 

Additional cost of Intake works to adapt same to power require- 
ments $30,000 

14,100-foot tunnel, area 315 square feet. (Diameter of equivalent 

circle, 20 feet. ) Average cost per lineal foot, $107 1 , 510 . 000 

Bell mouth, fore-bay and gate-house near power-house 88, 400 

Regulating reservoir on hill close to power-house 63 , 200 

Surge pipe and by-pass 14, 700^ 

Six main penstocks and exciter penstock 82. 500 

Total for tunnel, head-gates, surge reservoir, emergency gates and penstocks 
for 80.000 horse power including 15 per cent, for administration and con- 
tingencies, about $2,056,000 

or about $25 per horse power. 

Transformer house, excavation, substructure, transformer founda- 
tions, etc $49,000 

Power-house, sheet-piling, foundations, draft tubes, superstructure, 
crane supports, etc 282.000 

Electrical and hydraulic machinery, six 10,000-kilowatt generators 
with turbines, governors, exciters, transformers, high and low 
tension apparatus, switches, copper, etc., complete 998.000 

Auxiliary machinery, gate hoists, oil pumps, water pumps, air com- 
pressors, motors, fans, blowers, oil filters, cranes, etc 60,000 

Railroad spurs to power station 18,000 

Lands for tunnel, power station, railroad spur and roads — 55 acres. 4. 500 



Total for power-house, transformer-house, and all electrical machinery in 
power-house and transformer-house for 60,000 kilowatt or 80,000 horse 
power, about $1,464,000 

or about $19 per horse power. 



Total cost of head gates, tunnel and power-house $3. 520 , 30O 

< ' ■, , , = 
Cost per horse power of total machinery, about $44. 

DEEPENING SACANDAGA RIVER CHANNEL. 
From Power-house to Hudson River. 

Borings at various points show that this portion of the river runs over a deep bed of fine 
sand shingled over with boulders and cobble stones. More borings and test pits are needed, 
intermediate between those taken, and on both sides of channel before any close estimates 
of costXof excavating power-house site and river channel can be made. All present data 
indicate that the covering of loose boulders, which apparently is not more than from two 
to four feet in average depth, could be picked off by a traveling cableway or cantilever, 
and piled on the river bed at the side as shown in plates 14 and 16 and that -the sand beneatb 
could Ithen be readily dredged and deposited behind the continuous pile of. boulders. 

It is assumed that the channel would be dredged of regular trapezoidal section, and tlia.t 
the scour of the current would deepen it in the center and undercut the side slopes, making 
them more |flat, and that more or less of the boulders and cobbles would roll down and in 
timefform a tolerably regular rip-rap for protecting the banks of the channel from any 
serious erosion in time of great floods. Studies of flood conditions and more test pits and 
surveys areXneeded for the final design. 
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The section dredged gives a waterway 15 feet deep and 90 feet in average width or 1,350 
square feet, which when not obstructed by ice would carry the mean quantity of 1.900 
second feet with a velocity of 1.4 feet per second, or would carry the maximum under 40 
per cent, load factor with a velocity of 3.5 feet per second. 

The proposed slope is 7 feet fall in 7,900 feet distance or about 4.6 feet drop per mile 
Therefore the depth would con^monly be less than shown on plate 16. 

The alignment of this tailrace channel should be composed of straight reaches, as long as 
possible, and with fewest possible curves and angles. Curves of radius longer than 260 feet 
should be avoided. If on trial the work is found not expensive, the bottom width might 
well be 33 per cent. wi4er than shown, or on the other hand in the first stage and particularly 
if only one-half the full capacity of power-house be installed at first, only one-half the full 
width of channel need be built, the boulders being all piled on the north bank. 

Although there is at present much uncertainty as to the precise cost at which this channel 
could be deepened, it promises being well worth the expense. The following estimate of 
cost is based on $1 per cubic yard, for picking off the boulders from a strip 160 feet in width 
averaging three feet in depth, and piling them at the side and then dredging a channel 75 
feet wide on bottom with one to one slopes in the sand as shown, with sand deposited behind 
the pile of boulders, at twenty C^nts per cubic yard. The scour of the current in floods- 
would do some of the excavating. 

Dredging 8.200 lineal feet of channel, about $300,000 

Land for dumps 3,000 

$303,000 
Add for engineering and contingencies, 10 per cent 30,300' 

Total estimated cost of tailrace work to utilize full fall to Hudson river $333 , 300 

The present water level at power-house site is 685 . 5 feet. 

Proposed water level at i)ower-house site 665 . 6 feet. 

Gain in fall 30.0 feet^ 



Gain in i)ower from 1,700 cubic feet per second at 75 per cent, efficiency on 30 foot fal 
n 24-hour power on turbine shaft, 4,338 net horse power; in power under 40 per cent, load 
actor, 10.840 net horse power. 

Costing only about $31 per net horse power. 

RECAPITULATION SACANDAGA PROJECT. 

Dam and reservoir for storage $4, 550 , OOO 

Pressure tunnel and power-house and all electric and hydraulic 

appliances complete $3,520,300 

Deepening river for tailrace , 333 , 500 



$3,853,800 
Transmission line to deliver 50,000 kilowatts to Albany and 

other cities with two independent sets of towers and wires 900 , 000 



Total cost tunnel, power and transmission 4, 753 , SO 



Total cost of complete works for developing gross fall of 222 feet or 80,000 horse 

power at peaks on Sacandaga river below Conklingville $9,304,000 



As stated on page 147, it is not estimated that the average result in power received ty 
consumers under 40% load factor would exceed 60,500 net horse power in addition to the 
increase of power from the water thus stored at the present plants along the Hudson. 

Thus in round numbers, on a very liberal basis and including interest during const rue 
tion, each of the two stages would cost approximately $5,000,000. 
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OUQH ESTIMATE OF COST OF TRANSMISSION LINE FROM SACANDAGA 
i^. POWER-HOUSE TO ALBANY VIA GLENS FALLS. SARATOGA, WATERFORD. 
OOHOES AND TROV. 

(Bt R. D. Jomraorr.) 
The following rough estimate assumes the transmission of 50,000 kilowatts over a distance 
sixty-three miles, merely as a convenient first approximation. There is no probability 
hat so large a volume of power would be called for at Albany. 

Since the price of copper is now at a minimum and since in reaching other communities, 
the total length of line might be longer than Is here reckoned, and notwithstanding that 
much less than 50,000 kilowatts would be transmitted so far as Albany, it appears prudent 
us a first approximation to assume the cost of the transmission line at, say, $900,000. The 
•estimate shows a cost of only $808,000, and is as follows: 

To deliver 50.000 kilowatts sixty-three miles. 25 cycles per second, 80,000 volts delivered, 
power factor 85 per cent. 

Put up two lines, each of which would deliver the whole power by crowding it, say, to a 
11.1 per cent, loss at peaks. 
Lost volts = 10.000. 

63 X 50,000 X 8 

"C. m. = =s 355,000 c. m. per conductor. 

ll.lx(80)» 
17.000 pounds per mile — x 63 = 1,070,000 x 18 cents = $193,000. 

63 X 50,000 X 8 

hoT two lines, c. m. per conductor = 710,000 = x = 5.55 percent. 

X%x(80)» 
The average power paid for would not exceed 35,000 kilowatts on twenty-four-hour 
35 

basis, so our loss would be only z 5.55 or 3.9 per cent. 

50 

Tower line including all labor and material of stringing wire, etc $2, 100 per mile. 

Kight of way, 100 ft.-strlp, 12 acres per mile 2.500 per mile. 

Copper 3,060 per mile. 

$7,660 
Cost of two lines (5.160 x 2 + 2,500) x 63 = $808,000. for sixty-three miles. 

SACANDAGA PROJECT— YEARLY CH.ARGES. 

First Stage — Used for Storage for Benefit of Hudson River Powers. 

The foregoing preliminary estimates have shown for the Sacandaga project in its first 
«tage with dam built and power-house deferred, for all real estate, rights, reservoir, dam, 
new highways, etc., a cost including interest during construction of about $5,000,000 

The yearly interest on this, at 4 per cent., is $200,000 

Thp annual payment to a sinking fund which would at the end of fifty years 

repay all the cost and leave the State with title clear and all cost recovered, 

with interest at 4 per cent., would be .655 per cent., or about 33 , 000 

Taxes, or equivalent payment toward support of town government in lieu of 

taxable property converted, say 1 per cent, on one million dollars 10,000 

Maintenance of State highways, built in lieu of present town roads, say 15 , OOO 

Depreciation and repair on perishable parts of dam gates and spillway and 

rip-rap and grassed slopes, say, 3 per cent, on five hundred thousand dollars 15 , 000 

Maintenance. 

Nothing is simpler than caring for storage reservoir and occasionally regu- 
lating its gates, but altho Indian Lake, for example, would show very low cost 
of maintenance each year, the State could not hope to carry on this work so 
cheaply under the higher standards expected of it. We therefore estimate as 
follows: 
For one superintendent, four patrol men and the maintenance of one motor 

boat and for petty supplies, with occasional work on margins and snags, say 

per year • lO , OOO 

For bookkeeping, power measurement, assessment and collecting of power 

pentals. say 7. OOO 

Total yearly fixed charges and maintenance. S290 . OOO 
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The increase in power at 8ite« along the Hudson already more or less developed, shown 
on page 153, averages about 80,000 horse power of 24 hour power for 6 months in the year. 
The yearly charges as just figured would therefore, if averaged over all of this power, amount 
to a total cost of $3.75 per horse power per year. 

But by no means all of the plants are in position to immediately make use of, or pay for, 
all of this increased power. A careful canvass would need to be made before any reliable 
statement of the yearly income could be made. 

I have little doubt that investigation would show that some of the largest concerns en- 
gaged in the transmission of electric power would receive benefits of upward of $25 per 
horse power per year and that others engaged in manufacturing would receive the equiva- 
lent of at least $10 per year for each horse power under this 100 per cent, load factor. 

Therefore it is reasonable to. believe that in course of a few years a rental could be secured 
from, say, two-thirds of the total falls, that would leave the State a large direct profit on 
the outlay of about $4,500,000 to $5,000,000 fortius reservoir in addition to the large indirea 
gains already mentioned. 

Merely for purposes of illustration : — 

If out of the 80,000 horse power of increased 24 hour power, (remembering tliat cost of 
turbines and penstocks and depreciation on same has yet to be provided for by the mill- 
owners) we assume 10.000 horse power. 24 hour power at $25 tax = $250,000 per year. 

10,000 " 15 " 150,000 

40,000 " 10 " 400,000 

Total taxed 60,000 $800,000 

we find a profit above interest and maintenance of over half a million dollars per year.. 
This it should be clearly understood is not presented as an estimate; for the present is 
merely a progress report, and as stated above, a canvass of the conditions for profitable In- 
crease at the several sites has not yei been made. 

Altbo during this first stage of use for benefit of the water powers on the main Hudson^ 
the storage water would be run for only about six months out of the twelve in an average- 
year, it has substantially the value of an addition of this amount of power for the full year^ 
because this present surplus flow of the flood months is hardly worth putting in turbine* 
for. For example, at Lowell, Mass., and Lawrence, Mass., after more than fifty years of 
manufacturing activity, the surplus fiow of the wet half of the year still runs to waste. 

At some of the Hudson plants, the present conditions are different from those at Lowell 
and Lawrence, since to a moderate extent a surplus of wood pulp can be ground in the 
months when water is plenty. Nevertheless, as the following table shows, the present- 
turbine capacity in proportion to the fiow of the stream is not excessive, and there would be^ 
water provided for many additional turbines. The following table shows that at the present 
time the total turbine capacity at the principal power sites, altho larger than can be fiUect 
by the average yield of water in the dryest month, is in general only about half as great a» 
the turbine capacity which could be continuously supplied after the Sacandaga had been 
regulated as herein proposed. 

Any scheme of rentals or taxation for these betterments should provide for a revaluatiozt 
of the annual rental at intervals of about 20 years, and for rates differing with the use, and 
lower rates for local use than for long distance transmission. 
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Sacandaoa Powxr-Housb Operation. 

For the second stage of development, the cost of the long tunnel, and of the power-house 
and its equipment complete and of dredging the tailrace channel and transmission lines, 

with interest during construction may be as much as $5,000,000 

Distributing this over the twenty-four-hour seven-day power, if on a 24 hour basis ot 

5,000,000 

30,000 horse power would give a cost of = $167 per net horse power. 

30.000 

But this is manifestly unfair because the estimates cover cost of building and equipping 
with machinery of about 80,000 horse power. 

Since the power could probably be ultimately sold under a forty per cent, load factor 

5,000,000 

and to the extent of 60,000 horse power, the cost on this basis = $83 per horse 

60,000 

• power delivered to consumers, for cost of waterways, station and transmission lines, and 
exclusive of cost of reservoir. 

The cost of steam power for the number of hours per day equivalent to the average num- 
ber of hours during which this power of 60,000 horse-power could be furnished 

24x7 

(which is X 40 per cent. =« 11.2 hours for 6 days per week), with best modem 

6 
plant of large size and with cheap coal, would be about $20 per horse power per year, 

If all fixed charges, insurance, contingencies, depreciation, renewals, etc., are reckoned in. 
In the prospectus of the large power plant now under construction on the Connecticut 
river near Brattleboro, Vt., whe^ 12,000 horse power of twelve-hour power is to be de- 
veloped, excellent authorities are quoted for the statement that manufacturers in a region 
fairly comparable with that which this plant would serve, can afford to pay $25 per horse 
power per year for ten-hour power. 



Pbobable Yearly Cost to the State for Full Sacandaga Development. 

(Rough Preliminary Approximation.) 

Operation op Power-House and Transmission Lines. 

The interest oii $5,000,000, at 4 per cent, per year to the State $200,000 

Sinking-fund fifty years, at 4 per cent, at .00655 33,000 

Depreciation on perishable parts, $1,250,000, at 4 per cent 50,000 

Expenditures in lieu of taxes, say 10, 000 

Supplies, oil, petty repairs, insurance, say 25,000 

Oontingencies, accidents, forfeits due failure to supply, say 25,000 

Attendance, power-house and transmission lines, exclusive of reservoir, say . . 75 , 000 

Supervision and bookkeeping, general administration costs, say 10,000 

Total $428,000 

Cost per horse power per year, if all be reckoned as twenty-four-hour seven-day power- 
428.000 

or about $14 per horse' power per year, or if reckoned as used on the average 11.2 

30 . 000 
hours per week day, or under a forty per cent, load factor, the cost per year would be about 
S6.00, based on complete utilization, which is only about one-third of the lowest coat Of 
^tearrt power on a ten-hour basis in large plants. 

But one must not be misled by such fig' ires. The full income would not be attained for 
jseveral years. Much time would be required to secure a line of customers for so large an 
amount at full prices. ' 

Cities within convenient reach might be supplied at wholesale at $10 to $15 per horse 
power per year for this 40 per cent, load factor power," which would be equivalent^to 0,38 to 
0.57 cents per kilowatt hour, and I have little doubt that users for the remainder, at, say, 
prices ranging from $15 to $25 according to circumstances and subject to increase at end 
of » flve-year, ten-year or twenty-year term, could be found after some years, and that at 
the sufiTgested revaluations after each ten or twenty years' period, a gradual increase in the 
ac3k1e would be found fair. 
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The Real Pbofit on the Investment. 

The chief profit to the State would be largely indirect, and would come 
from the more complete development of this part of its great natural resources, 
by which the same drainage area will yield more power and a more uniform 
power, and through the possibility under State control of devoting this power 
to more vahmble uses and ultimately to purposes that will set many more men 
at work and build new industrial communities, whereas under private control 
much of it would be used for replacing steam power now in use. 

The gain will come, too, in the creation of lakes more beautiful, by reason 
of beds and shores better prepared, and with sluices set so high that the lake 
can never be emptied in severest drought, and by better highways around the 
new lakes. 

From the projected Sacandaga improvement, there would come many bene- 
fits which cannot readily be figfured in dollars, such as the larger summer 
flow for diluting the sewage that the river received and for bettering the 
present source of Poughkeepsie water supply by driving the brackish water 
farther seaward, the better flow for navigation over* the shallows from 
Troy to New Baltimore, the lessening of the flood depths and dangers at 
Albany, Troy and at other towns along the stream, and from all these sources 
the Commonwealth would be benefited, although it merely got a new dollar 
for an old one in the State Treasurer's bookkeeping. 

That there are, however, possibilities of direct return from even the elab- 
orate scale on which this trial design has been laid out, may be seen from 
the foregoing brief computations presented on pages 173 and 175, which are 
on rentals assumed at rates that would leave a generous return to the 
customer. 

STUDIES OX GEXESEE RIVER. 

Inspection at Request of County and City Officials, 

Soon after the organization of work under the Fuller bill, the 
State Water Supply Commission received a request from the 
county supervisors and later from the Mayor of Rochester, urg- 
ing a visit of personal inspection by the Commissioners and their 
engineers and" an investigation of the possibilities of power de- 
velopment and flood control on this river. Such a visit was made 
upon September 13, 1907, the Commission and its engineers 
being escorted by the Mayor of Rochester, the City Engineer and 
by delegations from the Board of Aldermen, the City Coiincil 
and the Rochester Chamber of Commerce. 

Proceeding up the valley by the railroad, the large areas sub- 
ject to disastrous overflow were pointed out, and the several 
sites for a storage reservoir that had been proposed at Portage 
and near Mount Morris were carefully inspected. The beautiful 
scenery of the Genesee Falls and of Glen Iris were also the doject. 
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of much attention and comment, and the City Engineer and 
his assistant, from a crude gaging made at the dams above, esti- 
mated that about 100 cubic feet per second was then passing over 
the falls. 

Some of those present called attention to the traditions that beds 
of quick sand had been found in early days when attempting to 
tunnel for a railroad through a portion of the rim of the proposed 
basin and the site of this supposed weakness was carefully noted 
for future investigation. 

The object to which attention was primarily directed by the 
city officials was that of relief from floods, but investigation of 
the extent to which the water power of Kochester could be aug- 
mented by the release of this stored water was also requested. 

Attention was also directed to the reputed suggestion of the 
late Lord Kevlin, the eminent physicist, on the occasion of his 
visit to Kochester some years ago, in course of which he is re- 
puted to have suggested that the desired storage and flood control 
could perhaps best 'be developed by a series of small reservoirs 
on the tributaries of the Genesee river, rather than by the con- 
struction of a large reservoir either at Portage or Mount Morris. 
Although it had at first been considered that the investigations 
desired on the upper Hudson would consume all the time and all 
of the appropriation available, it appeared eminently proper that 
some portion of the time and funds be devoted to the study re- 
quested by Kochester, especially so since two widely separated 
portions of the State would thus each have a local interest in the 
question of the development of great water powers under State 
control. 

All previous records relating to this matter in the reports of 
the State Engineer, the State Water Storage Commission, the 
Kochester Flood Commission, together with the data in the volume 
published by the Board of Kegents concerning the Hydrology of 
New York and the publications of the IT. S. Geological Survey, 
were searched for data, in order that the smallest possible ex- 
penditure in surveys and borings might serve the present purpose. 
It is of interest in passing to note that no specific plan of power 
cfevclopifnent at the Genesee Falls near Portage was made in the 
Uafter report of 1896 or in his N. Y. Hydrology. The estimates 
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of power there presented refer only to the increase at the present 
power sites within the city of Rochester. 

Use of Resebvoib fob Flood Control. 
Advantages of State Supervision, 

On the Genesee river, the construction of a great storage 
reservoir has been repeatedly urged during the past ten years. 
The reason which has appealed most strongly to the public is that 
this would lessen the flood dangers at Rochester and lessen the 
overflow all along the remarkably level, broad valley through 
which the river winds for forty miles between Mount Morris 
and Rochester. It has also been made plain that this reservoir 
could be made to add largely to the water power of the present 
factories and power stations at Rochester. 

In the final analysis, it now appears that the greatest good to 
the State at large and to the city of Rochester in particular, from 
storage reservoir construction, will be found in power develop- 
ment rather than in flood control, for the two purposes are to some 
extent antagonistic. The full reservoir is best for power. The 
empty reservoir is best for holding back a flood, but both pur- 
poses can be combined to some extent and to do this has been one 
object of the present study. 

The Portage reservoir project is a large one and involves in- 
voking largely the use of the State's right of eminent domain, 
in the taking of farms and in the moving of homes, although as 
such matters of reservoir building go, the conditions found above 
Portage would work no unprecedented hardship. . It also involves 
the changing of the railroad location for several miles along the 
river and the proposed regulation of the river will change the rate 
of flow of water over the Genesee Falls, which are the chief feature 
in one of the State's most beautiful pleasure grounds, a heritage 
from a distinguished citizen who is a lover of. nature and o£ His 
fellowmen, and whose wishes are entitled to profound respect. 

For these reasons and many others, if this reservoir is to be 
built, the regulation of the reservoir and the use of the poAver 
derived should certainly be retained within the control of ^he 
State. 



Studies of Watee Poweb Development. 179 

A careful study of the ground and some fairly complete surveys 
made during the past few months, have caused me to believe that . 
by perhaps changing the location of the dam and by conveying 
the water for power underground through a deep tunnel to a pow^r 
house located at least one-half mile or more, probably two miles 
down stream from the lowest fall, all of this construction oould 
be done without marring the beauty of Glen Iris in the slightest 
degree. Indeed by means of this storage a greater flow could 
be provided for the falls at those times when they will be most 
visited, than is now possible and very much greater than now 
comes to them under natural conditions in a severe midsupimer 
drought. 

By the construction of the proposed Portage reservoir and the 
development of this very remarkable power site, Rochester and 
the broad valley above it could be in a large measure, although not 
entirely, relieved from dangerous floods, and in addition there 
could be provided the equivalent of 35,000 horse power, twenty- 
four hours in the day, seven days per week from a new power 
house to be built a few miles north of Portage. 

This amount of power if concentrated largely into ordinary 
working hours under a forty per cent, load factor, would supply 
about 60,000 horse power for industrial and municipal uses in the 
Genesee valley and its neighborhood, exclusive of the mill sites 
at Eochester and beyond this would add 20,000 horse power to 
that now furnished by the Genesee within the city limits of 
Rochester. 

Surely when the time comes that the large expenditure involved 
may be prudently made, the gain to the city and to the State from 
this reservoir, in flood relief and in new power development, will 
be far greater than any possible injury. 

The power rentals at ordinary prices for steam power would 
show a good profit, but the marketing of such large amounts of 
power would be slower under the conditions of to-day, and since 
the capital involved in the entire development for both dam and 
power house would be very large, it is to be kept in mind that 
the dam could he huilt and used for flood control and for rein- 
forcing the summer flow of the river at Rochester and adding to 
the Rochester water powers for a term of years before building 
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any power plant at Portage and before building anything con- 
nected with the tunnel except its head gates and a hundred feet 
or so of its upper end. 

Much more study is needed for obtaining proper data on many 
of the important considerations affecting this project, but the main 
features have been provisionally worked out with a very fair degree 
of completeness, as will be made plain in the following pages. 

Stream. Flow Measurements on Upper Genesee. 

The object of first importance in studies of water power, storage and flood 
control is to learn the volume of flow of the river from day to day. 

That portion of the Genesee drainage area lying upstream from the pro- 
posed storage dam at Portage is of much greater average altitude than the 
portion of the drainage area lying down stream from Portage and Mount 
Morris, and is enough different in character of surface and forest cover, so 
that it is important to base estimates of yield upon gagings near the site of 
the storage dam rather than to rely upon the measurements at Eochester, 
which moreover are understood to lack precision. 

The flow of the Genesee, like that of most other rivers, varies so mucli from 
month to month that any few scattered gagings however useful for marking 
the extremes of flood and drought, are without value for estimating power 
or the requirements of flood control. 

Mr. A. S. Kibbe, p. 447, N. Y. State Engineer's Report of 1890, says con- 
cerning measurements of the flow of Genesee river prior to his own gagings: 
" No systematic gaging of its flow has ever been made at one point con- 
tinuously or for any length of time." 

Mr. Kibbe made gagings /rom June 17th to December 2d, 1890, see p. 716, 
N. Y. State Eng. Rep. 1896. 

The only other continuous gagings of the upper river, of which record can 
be found prior to 1903, were made at Mount Morris, at the Hydraulic Power 
Company's dam, where the drainage area is about 1,070 square miles, from 
September, 1893, to February, 1907, thus covering a period of three years and 
four months. These were made over a dam with a very irregular crest. (See 
State Eng. Report 1896, p. 636; also Rafter Hydrology of N. Y., p. 333),. 
which dam was washed away by a flood in February, 1897. 

A gaging weir for accurately calibrating the measurements over the old 
Hydraulic Power Company's dam was built at Mount Morris, 2^^ miles up- 
stream therefrom, about August, 1896. (See Rafter Hydrology, N. Y., p. 
308, 333, 602.) Unfortunately, it was washed out by a flood about the 
middle of October, after having been in use only about 2^4 months. 

jVnother gaging station on the Genesee also called the Mount Morris sta- 
tion was established by the U. S. Geol. Survey in 1903, and the results have 
been published without making it plain that this third Moimt Morris station 
was at Jones' Bridge below the mouth of the Canaseraga creek, where the 
drainage area is about ?40 square miles, or 33 per cent, greater than at the 
old station of the same name. In fact, the State Engineer's reports of 1905, 
p. 649, gives erroneously for the drainage area of this new station the old 
area of 1,070 square miles, whereas actually it is about 1,410 square miles. 
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A fourth gaging station near Mount Morris over the new stone dam called 
the " High Dam " was established by the U. S. Oeol. Survey in 1905. 

At Rochester, the Genesee had been somewhat roughly gaged for many, 
jrears. Mr. Rafter made use of these gagings from February, 1897, to 
November, 1898, in piecing out his table of flow for the Genesee at Mount 
Morris. The only records of this series that we find published in the State 
reports or the United States reports are those from December, 1894, to No- 
vember, 1896, inclusive, given in the State Engrs. Rept. of 1896, pages 639 
-and 718-9. 

At Elmwood avenue bridge, Rochester, in February 9, 1904, a station WM 
•established, as described in State Engineer's report of 1905, p. 650. 

In 1903 and 1904, during low water, measurements were made under direc- 
tion of City Engineer of Rochester at the Johnson and Seymour raceway and 
on the Carroll and Fitzhugh raceways. 

The topographical maps of the U. S. Geol. Survey are as yet incomplete 
for a large part of the Genesee drainage area. For the drainage area above 
Rochester, the figure of 2,365 square miles, given in the city engineer's report, 
lias been adopted. 

Accuracy of Mount Mobbis Gaginos. 

Regarding the quality of these gagings, they are not of as higli precision as 

desirable, but doubtless average within, say, five per cent, to ten per cent. 

of the exact figure, and from a study of description of the form of crest used 

in September, 1906, to calibrate the Hydraulic Power Company's dam, the 

. Actual flow is, say, probably five per cent, greater than the computed flow. 

Opposite page 602 of Hydrology of N. Y. are shown photographs of the 
timber dam and of the measuring weir and on p. 308, Hydrology, is shown the 
<;ross section of the measuring weir. 
^ I find no good reason for the adoption by Mr. Rafter (see p. 718, State 
Engrs. Rept. 1896) of the Francis formula Q=3.33 LH» for computing the 
flow over this standard weir, which had a queer form of crest, very difl'erent 
from that prescribed by Mr. Francis, giving less contraction at the underside 
of the jet, and which form would therefore give a somewhat larger discharge 
than the standard Francis weir. 

The comparisons of discharge between this calibrated weir and the dam 
•crest presented on p. 334 of the Hydrology, lack satisfactory agreement, but 
while more precise gagings covering a much longer term are desirable, we have 
here already measurements of actual flow longer and more accurate than those 
on which the preliminary plans of the great majority of water power instal- 
lations have had to be based, and since these Rafter gagings probably slightly 
underestimate the flow and embrace the remarkably severe drought of 1895, 
they are on the safe side. 

In addition to the period from September, 1893, to November, 1897, covered 
by the actual gagings at Mount Morris, Mr. Rafter in Hydrology of N. Y., p. 
333, estimated the probable flow at the storage site from April, 1890 to No- 
vember, 1892, from some actual gagings that had happened to be maintained 
during that period for other purposes on Oatka creek, a lower tributary, of 
only about one-fortieth of the area above Portage, which probably, because of 
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its lower altitude and its lack of forest and its smaller area, has a less- 
prolific yield than the Genesee at Portage, thus again making the error on the 
safe side. 

From December, 1892 to August, 1893, in the absence of gagings, he deduced 
the run-off from the rainfall, and subsequent to the loss of the dam from 
November, 1897 to November, 1898, inclusive, the flow from Mount Morri» 
was deduced from the record at Rochester, which from embracing much drain- 
age having lower altitude and smaller rainfall than the portion above Portage, 
again tends to bring the estimate of the discharge of the river at Portage oi» 
the safe side. 

In the nine years of probable monthly flow, thus deduced, it is of great 
interest to note that the year of smallest run-off, 1896, and the year of 
largest run-off, 1894, fall within the period covered by the daily gagings at 
Mount Morris, wherefore these records of daily fluctuations during this- 
period may prudently be used as a safe guide in computing the storage re- 
quirement and the power yield for the proposed site. We will later examine 
the rainfall records from 1825 to 1907 for possible warning against any period 
'more severe. 

Stobaqe Requirements at Pobtage. 

The best method of computing the storage requirements for a given drainage 
area from records of stream flow is by the mass curve method. (See plate 
18.) • 

Plotting this mass curve from the nine years run-off data just described, it 
immediately is plain that the most severe period in providing uniform de- 
livery of water for power, or in other words, the series of years of smallest 
yield, is from July 1, 1894 to June 1, 1898. 

Starting with reservoirs full after the heavy rainfalls of March, April and^ 
May, 1894, a uniform discharge at the rate of 800 cubic feet per second fron> 
the entire drainage area of 950 square miles, could have been steadily main- 
tained throughout every day of this extreme drought. This is equivalent to- 
a total run-off of 11.4 inches per year in depth from the tributary watershed. 

The divergence of the mass curve from the draft line shows that maximun> 
reservoir depletion at the end of the drought would have been equivalent to 
5.0 inches depth on entire drainage area of 950 square miles, which in other 
words is 11,700,000 cubic feet. 

The proposed reservoir above Portage according to table on p. 708-9, N. Y» 
State Engineer's report of 1896, would contain this quantity with water at 
elevation of 1,190 feet above sea level and is therefore of ample size to store 
some of the surplus of the year of heavy rainfall and to carry the surplus over 
for the year of drought and with dam huilt of the height that I propose 
would have 20 feet in depth of reservoir at its top where content per foot 
of depth is greatest, always available for flood control. 

In the year 1895, according to the concurrent testimony of all the rainfall 
records of the region around the watershed of the Genesee above Portage 
(viz. at Humphrey, Arcade, Angelica, South Canisteo and Alfred) the rain- 

♦ Note. — The 800 second feet draft line on plate 18 is too large, but due to the weight 
of other considerations it is thought best to let it stand. 
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fall was only about 75 per cent, of the normal and moreover was less than 
in any other one of the twenty-nine years since the rain gage of the Rochester 
water works was established at Hemlock lake. 

The average ruu-off for the whole nine-year period as deduced from the 
incomplete gagings already described was 14.2 inches per year equivalent to a 

flow from 1,000 square miles of ^^'^ ^i^c^es ^ ^ gg^ factor x 950 sq. m. = 994 

12 months 
or say 1,000 cu. ft. per sec. 

The lack of precision in river gagings at Mount Morris appears to be all 
on the side of underestimating the flow, and the most probable value for 
yield in severest drought is 850 to 900 cubic feet per second. 

A flow averaging 1,000 cubic feet per second (equivalent to 1.13 inches 
run-off per month from the watershed of 950 square miles) could be delivered 
in many years without nearly emptying the reservoir, but a yield of 800 
cubic feet per second can apparently be depended upon in what may be classed 
as the dryest year of the half century. ' 

In such an exceptionally dry year as 1895, or once in a lifetime, some cur- 
tailment of the power could be provided for, and some reduction in the numbtr 
of hours, or the volume of water poured over the falls for scenic effect could 
be conceded, and I consider that the data in hand amply justifies the opinion 
that after making a fair provision for preserving the beauty of the cascades, 
and with the proposed reservoir flow line at say, elevation 1,210, there can 
be delivered from the Portage reservoir for power purposes, twenty-four hours 
per day, seven days in the week, throughout every year but the most extreme, 
750 cubic feet per second. 

Proposed Portage Reservoir. 

The maximum depletion caused by maintaining a constant draft of 800 cubic 
feet per second, partly for power, partly for scenic effect, would have been 
as shown in table below. 



YEAR 


• 


Maximum 
depletion. 
Inches on 
drainage 
area. 


Date 
of low 
point. 


Total cubic feet depletion 
from full capacity. 


Cubic feet 
capacity left 
in reservoir 
of 15 billion 

cubic feet 
total 

capacity. 


Elevation 
of water 
at lowest 
point of 
the year. 

Feet above 
sea level. 


1890.. 
1891.. 
1892 . . 
1893.. 
1894. . 




1 

3 

1.2 

2.7 

2.0 

2.5 

6 

2.6 

2.5 

1.6 


Sept. 1 

Dec. 1 

Dec. 1 

Dec. 1 

Dec. 31 


2,300,000 
7,000,000 
2,800,000 
6.300.000 


12.7 
8.0 

12.2 
8.7 


1.193 
1.176 
1.191 
1.178 


1895.. 
1895.. 
1896.. 
1897.. 
1898.. 


Feb. 28 

Dec. 1 

Oct. 1 

Nov. 1 

Oct. 1 


5,800,000 
11,700,000 
6,000,000 
5,800.000 
3.700.000 


9.2 
3.3 
9.0 
9.2 
4.3 


1*180 
1.148 
1.180 
1,181 
1,188 
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Study of Mobe Ancient Raintau, Records. 

The period of actual gagings of the river flow at Portage having heen bo 
brief, it becomes important to learn how the rainfall in these years compared 
in quantity precipitated with the normal raimfall of the locality, and it is 
also important to confirm the accuracy of these river flow gagings by com- 
parison of the yield per square mile on this watershed with that found on 
other watersheds, making due allowance for differences in rainfall. 

A search for all reliable rainfall records in this region for a long term 
of years, finds only the following. These have been grouped according to 
nearness to upper or to lower watershed and according to elevation. 

SOUTHERLY OR PLATEAy GROUP. REPRESENTATIVE OF DRAINAGE 
AREA ABOVE PORTAGE. 



STATION. 



Elevation. Mean rainfall. 



Records from — to — . 



Angelica 

Alfred 

Humphrey 

South Canisteo.. 
Arcade 



Average . 



1.340 
1.795 
1.950 
1.480 
1.670 



41.36 
38.24 
45.82 
41.21 
41.74 



1889-1890; 1892-1898; 1900-02; '06 

1890-1898; 1900. 

1889-1897; 1901. 

1890-1906. 

1891-1898; 1904-1905. 



.41.67 



NORTHERLY OR LOWLAND GROUP. REPRESENTATIVE OF DRAINAGE 
AREA OF LOWER RIVER. 



STATION. 



Elevation. Mean rainfall. 



Records from — to — . 



Rochester 

Hemlock Lake. 

Ithaca 

Geneva 

Wyoming 



523 


33.67 


900 


28.47 


836 


33.14 


507 


31.22 


965 


30.61 



For 70 years since 1830. 
1878-1895; 1898; 1902-1906. 
For 42 years since 1829. 
1855-1862; 1864-1867; 1883-1892, 
1826-1848. 



Average . 



31.42 



It will be noted in comparing the above, that the rainfall in the plateau 
region tributary to the Genesee above Portage is distinctly larger than for the 
lower river; giving the stations equal weight, the average excess is 10.25 
Inches, and we may therefore expect the yield per square mile for the portion 
above Portage to be distinctly larger than for the entire area tributary above 
Rochester. 

This is discussed more fully with the aid of compensated rainfalls and 
isohyetal lines upon a later page. (See page 188 below.) 

All of tbese annual rainfalls have been plotted year by year on t"wo dia- 
grams, plate 17. On the first the ordinates are proportional to the actual 
precipitation; on the second the ordinates give the percentage which the 
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precipitation in each particular year bears to the normal or long term average 
for that particular locality. 

The second diagram gives the most convenient comparison, and it is of 
particular interest to note how concurrent these records are, showing that 
the conditions are widespread and the precipitation substantially uniform 
over the watershed in question, and that a dry year in one part of this 
drainage is a dry year over it all. 

This fact enables us to accept with more confidence the record of the 
fewer stations of the earlier years* as representative of the whole territory 
now under consideration. 

From these diagrams we confirm the conclusion already stated, that the 
year 1895 presented conditions of small rainfall and therefore of small run- 
off, severe as any that have occurred within the past half century. 

From these diagrams we have sought to compensate the averages of short 
term rainfall observations so as to correct for the period in which they were 
taken having happened to be extra wet or extra dry, and the first step for 
this is the determining of the ratio of the precipitation to normal in any 
particular year. The method of compensation will be plain from the fol- 
lowing table. 
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From the average rainfall at the many different stations as obtained in 
the foregoing table an isohyetal map has been prepared, a reduced copy of 
which is presented in plate 19. 

The lines of equal precipitation are not so regular or so completely defined 
MB we might like, but they prove most clearly the large excess of rainfall 
over the watershed above Portage in comparison with that on the lower 
Genesee. 

These curves show the mean annual precipitation on the drainage area 
above Portage is 38 inches, while for the entire Genesee drainage above 
Rochester it is about 34 inches; and it would have been of some interest to 
compensate and increase that part of our mass curve that was based on 
R<)chester gagings at least 13 per cent, so as to allow for that, and also 
to increase the portion derived from the Oatka Creek gs^ings, where normal 
rainfall is apparently about 33 inches, by 15 per cent.; but it has hardly 
seemed worth while to retrace these curves, particularly as they are on 
the safe side. The rate of increase* in run-off would doubtless be larger than 
the percentage of increase in rainfall just noted. 

Comparing the yield of the Genesee watershed with that from the upper 
Hudson watershed, we find the rainfall and run-off for the Genesee are much 
smaller; indeed the probable run-off year by year from the Genesee above 
Portage is just about one-half as great as that from the Sacandaga, not- 
withstanding the drainage areas happen to be substantially equal. 

On the Sacandaga we have abundant forest cover and on the Genesee there 
appears to be a remarkably small amount; at least this is the case in the 
vicinity of the reservoir. No special tour of reconnaissance thrrough the 
extreme upper Genesee watershed for^the purpose of judging of its quality 
has yet been made by a mennber of our staff other than that for studying the 
sites for small reservoirs, but so far as examined the drainage area was 
found nearly deforested. 

QUANTITT OF WATER TO BE RESERVED FOB SCENIC EFFECT IN GlEN IRIS. 

I have been very desirous of obtaining a series of observations at different 
stages of the river, each set consisting of an accurate measurement of the 
quantity of water flowing, combined with good instantaneous photographs 
showing the appearance of each of the three cascades with precisely this 
quantity of water passing, but conditions thus far have not been favorable. 

These observations would tell better than any written description just 
what flow was reasonably necessary to be maintained for scenic effect. It 
was estimated by engineers of the City Engineer's oflSce at Rochester from 
depth measured in the Portageville dam, that on the occasion of the visit 
of the Mayor and other city officials and of the State Water Supply Commis- 
sion upon September 13, 1907, the flow was at the rate of about 100 cubic 
feet per second, but the conditions for a precise measurement at that time 
were not good. It is certain that the falls at that time presented a scene 
of great beauty and that the volume of water was not large. 

During the period covered by Mr. Rafter's gagings in 1893 and 1896, the 
summer flow was for long periods only about 100 cubic feet per second, and 
during the season when this beautiful spot will be most frequented by those 
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appreciative of the beauties of nature, the flow under natural conditions 
would probably commonly be somewhere between 100 and 200 cubic feet per 
second. 

At present and subject to revision on further study, it appears to me 
reasonable to reserve, secure against all encroachment, a flow during the 
daylight hours from June 1st to November 1st, of not less than 100 cubic 
feet per second, and to provide for a larger flow on special occasions and 
holidays. In all years of ordinary rainfall, it would be entirely feasible to 
provide for the larger flows on many days without serious detriment to the 
water power. Sluice gates are proposed of a type easily and quickly opertited, 
and in case the upper ten feet or fifteen feet of reservoir capacity is reserved 
for flood relief, this water could be discharged over the falls in daylight 
hours. 

A reserve of water for scenic effect could be made secure by placing the 
feeder gates of the water power tunnel at such an elevation that below this 
level there would be left water enough for, say, 100 days' supply at 100 cubic 
fet per second, daily, from sunrise until 10 p. M. 

The quantity to be discharged would always be under easy control by the 
sluice gates in the base of the dam, and since in these studies State ownership 
and control of the dam and power tunnel is proposed, the people would 
through their representatives always have in their control the precise limit 
at which from time to time to. draw the line between the quantity that could 
properly be used for power and the quantity that should properly be reserved 
for scenic purposes. 

Although the time is likely to come within a half century or less, when 
it will be deemed as wrong to be unduly extravagant of the great sources of 
power in nature as to start a conflagration for its sublime spectacle, there 
will stilj be some generous proportion of this water which can serve its 
highest possible use in administering to pleasure of mankind by giving its 
share in the rare beauty of Glen Iris. 

For present purposes and subject to revision, I therefore compute the water 
available for power, as what is left after in the average year providing for a 
flow over the falls of not less than 200 cubic feet per second from June 1st 
to November 1st, from sunrise to 10 p. m., shutting the flow off more or 
less at night, and in years of smallest rainfall as much as. now flows, or not 
lese than 100 cubic feet per second from June 1st to November 1st, and at 
other seasons of the ordinary year, not less than 100 feet by day, shutting 
this cold season flow off more or less at night, or in years of severe drought. 

Even after the power development begins, many years would elapse before 
full use to best advantage would be found for the vast quantity of power the 
Portage works would furnish, and tlie surplus water stored could be used 
during all these years to give the falls a much greater volume of summer 
flow than they at present possess. 

If the dam should be built first mainly as a flood storage proposition and 
the local tunnel and power house deferred for some years, the storage could 
be regulated and discharged at hours selected mainly with regard to the 
scenic effect. 

Whatever was released for scenic purposes at Portage would, of course, 
serve its full use for power at Mt. Morris and Rochester, 
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In the following table an estimate it made of additi(»ial water power that 
eould be made arailable through the constmetion and nee of this storage 
reeenroir. 

In the first computation it is suppoeed used solely for flood control and 
for the benefit of the power at Rochester and Mt. Morris while the Portage 
power plant is deferred. 

In the second computation the effect in increased power at Bochester is 
estimated on the supposition that a Portage power house is built and uses 
all«water except that reserved for scenic purposes at substantially a uniform 
rate throughout the year. 
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Genesee Storage (First Stage). 

Increased power at present Genesee River Plants if Portage Reservoir 
be used solely for storage. 





Work- 
hea^. 


Added 
in dryest 
month. 


2d 


3d 


4th 


5th 


6th 


Mt. Morris 


18 
6 
5 


2,167 
722 
602 

2,288 
11,078 

3,372 
11.659 


2.037 
678 
565 

2,150 
10,412 

3.169 
10.865 


1.527 
509 
424 

1,613 
7.805 
2.375 
8.144 


1,069 
356 
296 

1.128 
5.464 
1.663 
5.701 


801 
267 
222 

845 
4.094 
1.246 
4.272 


475 


Geneseo (approx.) 

York (approx.) 

Rochester 


158 
132 


Johnson and Sey- 
mour Dam 

Upper Falls 

Middle FaUs 

Lower FpUs 


19 
92 
28 
96 


500 
2.427 

739 
2.533 




264 


31,788 


29,876 


22,397 


15.677 


11.747 


6.964 



Total 118,449 

Average 19, 738 

Average 6 mo.= 264x74.782=* 19,738. 

The storage adds an average net 24-hour 7-dav power of 19,738 h. p. for dryest 9 
months, providing eaeh of the above heads or falls is fully used. 

The above if used mostly in ordinary working hours or under a 40 % load factor would 
amount to nearly 50,000 horse power. 

Above is based on (min. floW in average year at Rochester of 1,900 c. {. s.). or 11.35 
Inches stored and released at Portage. 

(800 c. f. 8. for entire year is equivalent 11.44' on watershed 959 sq. milea) 

Genesee River Storage (Second Stage), Portage Reservoir, 

Increased power at present Genesee River Plants if constant flow 
of 700+100=800 c. /. s. be drawn from Portage Reservoir. 
Drainage area at Portage=950 sq. miles, l-inch run-off per 
month from 950 sq. miles 

95jx5280x5280x.0833 

= = 839.2 cu. ft. per sec. 

30.44x24x3603 



Number 

of 
month 
In order 

of 
dryness. 


Probable 

name 

of 

month. 


Average 

yield per 

square mile 

of watershed 

in indies. 


Average 

natural jield 

at Portage 

c. f. s. 950 

square miles. 

X 839.2. 


Regulated 

yield 
(700 -f 100) 

c. f. s. 


Increased 

flow in 

river below 

due to 

regulation. 


24-hour 7-daT 

horse power 

of increased 

flow on 1 

foot faU 

at 75% ef! 

X.0851. 


1 


Sept. 
Aug. 
July 

Oct. 

June 

Nov. 

Dec. 
Jan. 
Feb. 

May 

April.... 

March 


0.232 
0.273 
0.432 

0.575 
0.659 
0.761 

1.0C2 
1.233 
1.628 

1.912 
2.489 
3.516 


195 
229 
363 

483 
553 
639 

858 
1.035 
1.366 

1,604 
2.089 
2,951 


800 
800 
800 

800 
800 
800 

800 
800 
800 

800 
800 
800 


605 
571 
437 

317 
247 
161 


51.48 


2 


48.58 


3 


37.18 


4 . . . . 


26.97 


6 


21.02 


6 


13.70 


7 


2,338 

—58 

—235 

—566 

—804 
—1.289 
—2,151 


6 1198.93 
♦33.15 


{{ 




9 




10 




11 




12 








• 


14.732 


Av. 1,030 




--5,103 





♦Average for six months. 
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Genesee River Storage (Second Stage) Portage Reservoir. 

Increased power on present Genesee River Plants if constant flow 
of 700+100=800 c. /. s, be drawn from Portage Reservoir, 





Work- 
ing 
head. 


Added 

in dryest 

month. 


2d 


3d 


4th 


5th 


6th 


Mt Morris 


18 

. 6 

5 


927 
309 
257 

978 
4,736 
1.441 
4,942 


874 
291 
243 

923 
4.469 
1.360 
4.664 


669 
223 
186 

706 
3,421 
1,041 
3,669 


485 
162 
135 

512 
2.482 

755 
2.589 


378 
126 
105 

399 
1.934 

589 
2.018 


247 


Geneseo (approx.) .... 

York (approx.) 

Rochester 


82 
68 


Johnson and Seymour 
Dam 


19 
92 
28 
96 


260 


TjDDer Falls 


1,260 


Middle Falls 


384 


Lower Falls 


1,315 








264 


13,590 


12.824 


9.815 


7,120 


5,549 


3.616 



Total 52.514 Average 33.155 x264==8.752. 

' Or the storage adds an average net 24-hour. 7-day horse power for six dryest months of 
8,752 H. P., if each of above falls be fully utilized. If concentrated in ordinary working 
hours, or under a 40 % load factor, this would amount to about 22.000 horse power added 
to the present resources of the stream over and above what is added at the new power site 

Flood Contbol by Genesee Storage Reservoir. 

The chief purpose urged heretofore in proposing the construction of great 
storage reservoirs on the Genesee, first near Mt. Morris and later at the 
Portage site, has been the protection of the city of Rochester and the broai} 
flat valley of the river lying between Mt. Morris and Rochester from the 
severe floods, which from time to time have inundated and endangered a 
large portion of the city, but in the report presented by Mr. Rafter, in the 
Report of the State Engineer for 1896 and as subsequently presented in the 
volume on the Hydrology of New York in 1905 and in sundry other publica- 
tions, great stress has also been laid upon the increase of water power at 
, sites within the city of Rochester, already developed and owned by private 
corporations, that would -also result from the use of these reservoirs. 

The great floods from which Rochester has suffered most severely occurred 
on the dates named below on pages 196 and 197. The feature now of special 
interest is that these floods have occurred in spring, summer and autumn, in 
every month except August. So far as I can learn the estimates of cubic 
feet per second flowing given on this page and the next are very rough. 



Data From Report of Rochester Flood Commission of 1905. 

1902, July 5th to 9th. From a heavy rainfall on ground saturated by 
previous heavy rains. Precipitation July 6th at Angelica 4.5 inches. Flood 
above Portage " heaviest ever known." Maximum rate of flow at Mt. Morris 
probably 40,000 cubic feet per second. Maximum rate of flow at Rochester only 
about 20,000 cubic feet per second. Great loss of growing crops in Genesee 
Valley due to flooding over flats. 

1902, March 3rd. Mainly from melting snow. Total rainfall in 3 days 
previous about 1 inch. Less than maximum rate of flow at Rochester, about 
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38,000 to 40,000 cubic feet per second. Some cellars flooded and considerable 
overflow in various parts of city. 

1806, April 4th. Maximum rate of flow at Rochester 35,000 to 36,000 
cubic feet per second. Some cellars in Rochester flooded. Flats in valley 
from Rochester to above Mt. Morris covered. 

1894, May 20th to 23rd. Maximum rate of flow at Mt. Morris 42,000 
cubic feet per second. Maximum rate of flow at Rochester, 21,000 cubic feet 
per second. Flats between ^It. Morris and Rochester flooded. 

1890, Sept. 10th to 13th. Maximum rate of flow at Mt. Morris 20,400 
cubic feet per second. From 3 P. M. of 10th to 9 a. m. of 14th. no less than 
3.5 billion cubic feet of water passed Mt. Morris. 

1889, June 1st. Day following the Johnstown flood, water over the flats at 
Avon, Rush, etc. Maximum rate of flow at Rochester not above 20,000 cubic 
feet per second. Little or no damage done at Rochester. 

1875, March 16th. Ice gorge at Clarissa street bridge, Rochester, setting 
water back in Erie oanal and flooding certain districts. Maximum rate of 
flow at Rochester not above 25,000 cubic feet per second, except for an hour 
or two during passage of ice gorge, when it may have reached 35,000 cubic 
feet per second. Most serious flood ever known at Rochester. 

1865, iMarch 17th to" 20th. Long continued cold weather and heavy snow- 
fall followed by a sudden thaw accompanied by rain. Nearly the entire cen- 
tral portion of Rochester put under water and damages probably exceeded 
$1,000,000. Maximum rate of flow at Rochester estimated at 54,000 cubic 
feet per second. 

1857, February 8th. Flood occurred which carried away piers of Main 
street bridge. 

1835, October 23rd. Greatest flood ever known up to this time. Water 
on the Genesee flats 6 to 8 feet deep. Maximum rate of flow at Rochester 
estimated at 36,000 cubic feet per second. 

1813, June 20th. Rained for three or four days about June 15th to iStli, 
and on June 19th, rain fell in torrents. " Seldom had such a storm been "wit- 
nessed in the country." Colonel Rochester's sawmill carried away. 

" From 1866 to 1902, a period of thirty-seven years, no seriously destructive 
flood occurred at Rochester, although there were several at Mt. Morris ** 
(p. 69, H. Com. Rept.). Immunity at Rochester was mainly due to storage 
over the flats above Rochester and lack of heavy rainfall at the critical time. 

The Rochester Flood Commission of 1905, concluded, p. 68, " Sometime 
there may be a flood of at least 60,000 cubic feet per second at Rochester." 

Conclusions Regarding Genesee River Floods, 

1. Serious freshets caused by heavy rainfall may occur at Rochester and 
over the Genesee flats between Rochester and Mt. Morris at any time from 
March to October inclusive. 

2. Twice in the past century, once in March, 1865, again in Jixly, 1902 
the rate of discharge at Rxxihester has been greater than existing river cliannel 
could safely convey and large areas within the city have been iii"ixiid.ated 
particularly in 1865. 

3. The widespread inundation and great damage of 1865 were c^a.iuaedL bv a 
flood of much smaller volume than is likely to occur at some future time 
under a combination of the causes which have heretofore within tlie Kiato ' 
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period come singly, such as exceptionally heavy rainfall on jocund previ- 
ously saturated or rendered impervious by frost. 

4. The gagings of rate of flow have apparently been somewhat crude and 
inexact, but accepting the quoted estimates as correct, it appears that a 
rate of discharge at Rochester greater than 40,000 cubic feet per second 
causes great damage, with danger of greater damage than has heretofore 
occurred, as for example, if a jam* of trees, ice or debris should occur in the 
archways of the bridges at Rochester. 

5. Floods giving rate of flow of 20,000 cubic feet per second at Rochester 
may submerge large areas of the flats between Mt. Morris and Rochester. 

6. A flood rate which measures 40,000 cubic feet per second as it passes 
Mt. Morris may become so modified by spreading out over these flats, by its 
temporary storage and delay thereon, that notwithstanding the drainage area 
at Rochester is 2.3 times as great, the rate of discharge in cubic feet per 
second at Rochester may be only about half as great as at Mt. Morris. 

7. The project for flood relief on the Canaseraga flats by straightening the 
channel has not yet been studied by means of recording gages on the Genesee 
and its main tributaries, or with precision to show just what bearing quicker 
drainage for local relief this will have upon the rate and height of flood dis- 
charge at Rochester and on the flats immediately above, and in absence of 
precise data, I venture no opinion on this question. It is believed by those 
who promoted this project that this cutting of a new channel and straighten- 
ing the Canaseraga will hasten the transit of the Canaseraga water and 
get it out of the way largely before the flood flow from above Portageville 
arrives. 

According to the Portage or the ^xt. Morris storage reservoir projects 
presented in the State Engineer's Reports of 1896 and 1895, respectively, it 
was proposed to discharge the water from the storage reservoir at such a 
rate as would produce a substantially uniform flow of water for power at 
Rochester throughout the year. This reservoir, about 100 feet in total depth, 
would ordinarily be filled to overflowing in April and in years of ordinary 
rainfall would have become drawn down only a few feet by the date of July 
6th, on which date the great flood of 1902 occurred, and if the proposed Port- 
age reservoir be operated, according to the schedule plainly proposed on page 
713 of Mr. Rafter's report of 1896, this storage reservoir thus conserved for 
power supply would have been so nearly full on the occasion at least of some 
of the great floods of March 2, 1902; April 4, 1896; March 20, 1894; June 1, 
1889; March 16, 1875; March 17, 1865; June 20, 1813, that it could have 
served only partially to retrain and lessen the flood at Rochester or in the 
valley below Mt. Morris. 

Higher Dam and Deeper Reservoir Now Proposed, 

I have therefore as a first study proposed to build the dam, say, ten feet 
higher and to reserve ten feet or twenty feet at the top of the reservoir, 
where its area is greatest, solely for flood relief, with a strict rule that the 
reservoir should after a flood be emptied as rapidly as the river channel could 
carry off its water without overflowing the banks until the reservoir is 
drawn down to this power level, ten or twenty feet below the spillway crest, 
so that the emptied portion of the reservoir should stand ready to restrain 
whatever rainfall of dangerous proportion might come next. 
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The precise depth to be thus reserved for flood control, whether ten feet or 
twenty feet or more, has not been worked out, for I consider many more 
data and observations all along the flooded region are first desirable. 

It would be well worth the cost to install and maintain a series of at least 
•ix self-recording river stage registers — one at Rochester, one at Mt. Morris, 
one at Fillmore, one near the upper end of the Canaseragi Valley, and 
two at intermediate points — by which the relative time of passing of the 
flood wave could be observed and permit of a more complete study of the prog- 
ress of the flood. In the absence of such observations, estimates are uncertain 
about the precise effect on flood heights of the quickened flow on the Cana- 
fieraga or the retarded flow above Portage, save that it is sure beyond 
question that all detention of flood water behind the Portage dam would aid 
materially in flood relief below Mt. Morris and also in the Canaseraga 
Valley. 

It appears from the report of the Flood Commission of 1902 that the \ 
solution of the problem of flood control at Rochester was by no means fully 
worked out or even attempted by its members. They chiefly collected some 
facts as to what had happened. This is a large and many-sided problem and 
requires more surveying and more study of local conditions than I have been 
able to give. 

The widespread destruction and danger likely to follow a repetition of 
«uch floods as have already occurred, or the far greater flood which plainly 
is likely to come at some future time, warrant the expenditure for fully 
atudying this problem. 

Plan of Portage Works Proposed. 

The main features are as shown by the plans on plates 22, 23 and 24. 
, First. A dam three-fourths of a mile upstream from the upper Genesee Falls, 
entirely outside the limits of the land purchased by 'Sir. Letchworth, and 
forming a part of the Genesee Park. This is made of an arched form 
resting on solid ledge abutments, for strength as well as for better architec- 
tural effect. An exceptionally long spill way is provided at the westerly 
end, so that the greatest flood may be discharged with a small increase in 
height of reservoir. 

The height of dam is proposed at an ^evation ten feet greater than that 
proposed by Mr. Rafter, in order that there may be a greater reserve avail- 
able for flood control, in case a flood should occui while a large volume was 
being held in storage for power purposes. 

Second. Sluiceways are provided in this dam, such that any desired quantity 
may be withdrawn for scenic purposes over the Genesee Falls. These sluice- 
ways would also serve for rapidly lowering the water in the reservoir to a 
depth of about ten feet below the spillway level, immediately after the 
peak of a freshet on the main river had passed, so as to prepare storage space 
in the top of the reservoir as soon as possible against chance of a second flood. 

The dam is to be of concrete^ and except for the addition of the arched 
form, is proposed to be of substantially the same type as those recently 
designed for New York city's water supply at Ashokan and Kensieo. 

The elevation of these sluiceways and the elevation of the intake to the 
proposed pow^ei tunnel, are to be set so high that the reservoir cannot be 
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emptied below elevation 1,120, thus leaving at all times in view from the dam 
a lake, half a mile or more in length upstream and of substantially the 
full width between the bluffs, this reserve being provided for as a pleasing 
feature in the landscape and with no noteworthy detriment to the storage 
reserves for power and flood control. The intake for the proposed power tunnel 
to be at a still higher level, so as to cause a reserve in even the most severe 
drought sufficient for a flow of from 100 to 200 cubic feet per second during 
the hours of daylight for about 100 days, which cannot be withdrawn for 
power. 

Two alternative sites for a power-house have been surveyed, both, of which 
are downstream from the lowest limit of the Letchworth Park. Up to the 
present time, study has been mainly concentrated upon the one farthest down- 
stream, since this promises much larger power and greater ultimate economy. 
This is about three miles down the course of the liver from the lower fall 
and far beyond the limits of the park. 

At this lowest site, the river level is about elevation 665, and as the 
ordinary working level in the proposed great lake above Portage would be 
about 1,190, the gross fall is 525 feet. 

This is about 90 feet greater than the gross fall available at the alternative 
site one-half a mile downstream fiom the lower falls, 'but a part of this 
difference would be lost by friction in the greater length of tunnel. 

The intake for the proposed tunnel is about three-fourths' of a mile away ' 
from the dam site, going easterly along the north shore of the basin, and 
the tunnel nowhere runs within about half a mile of the outside limits of 
the Glen Iris Park. 

This tunnel is proposed to be of about 15 feet in diameter, and although 
borings along its course have not yet been made, it appears probable from a 
■tudy of the outcrop of ledge, that by keeping the tunnel level down nearly 
to the power-house elevation, excellent rock will be found all the way. An 
exceptional structure for a surge shaft is proposed at the downstream end of 
this long pressure tunnel. 

Much study has been given to its design, and it is believed that by use 
of the form designed all trouble in governing the speed of the turbines or in 
troublesome waves in the long conduit or in waste of water, can be avoided, 
and that the full reservoir head can be made available for power, less, of 
course, the friction loss. 

Yield of Drainage Abea Above Portage, With Stouage. 

The drainage area above Portage contains substantially the same number 
of square miles as that above Conklingville, but yields much less water, 
because of the rainfall in this region being smaller and also because of the 
pioportion of the rainfall lost by evaporation being larger, due to the general 
dcfofestation of the country for agricultural purposes. 

A careful study of the rainfall records and of the gagings of stream flow, 
made by the mass curve method as already described, indicates that the 
mean flow of water available for power purposes after making a reservation 
lor scenic purposes at the Genesee Falls, will be only about one-half as great 
as at Conklingville. 
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On the other hand, the fall of water is more than twice as great, with a 
result that the total output of electrical power from the Portage reservoii 
available for delivery at Rochester, Mount Morris or elsewhere within a radius 
of fifty or fleventy-fiv« miles, is somewhat greater than that available from 
the proposed Sacandaga power-house. 

At the Portage reservoir as in the ease of the Sacandaga reservoir, it is 
not a necessity that the tunnel and power-house be built at the same time as 
the dam and storage reservoir. They could be built five or ten or twenty 
years later or whenever desired, and meanwhile the State could utilize the 
storage reservoir for the increase of present water powers at Mount Morris 
and Rochester under a proper payment, and to a very noteworthy extent the 
reservoir would meanwhile also serve for flood control, and during this period 
while so used, all the water of the river would past over the Genesee Falls, 
and the volume flowing over the falls during the vacation or tourist season 
from July . first to October first, would be far greater than under present 
conditions. 

Our estimates by the mass curve method as already described, and after 
some consideration of the conditions that affected the accuracy of the stream 
flow gagings, show that a total yield of 800 cubic feet per second, twenty-four 
hours per day, seven days in the week, may be relied on throu^out years 
as dry as 1895, and a study of the rainfall records indicates that no year 
of smaller rainfall or smaller stream flow than 1895 has occurred on the 
Genesee river during the bistoric period. 

Estimate of Power. 

The power that the storage would add at Mt. Morris and Rochester has 
been already estimated on page 194. 

The power that could be made available in the projected Portage power- 
house at site B., the lower site, is estimated as follows : 

Ordinary or mean level in reservoir 1,190 feet. 

Water level at tailrace 665 " 

Gross fall 525 " 

Tunnel about 3% miles in length or about 20,000 feet. 
Probable average loss of head in tuunel, etc., not over 15 feet. 

Ordinary net fall ^\^^^510 '" 

To be safe call this 500 'feet. \ 
If average available flow , in a series of dry years after allowing rater 
for scenic purposes as described on p. 188 is 750 c. f. s. the power w^ ^ 
750 X 62.4 X 500 x75j< . ^ , W. 
— - abt. 32,000 net twenty-four hour, seven-day lior^o-^ 

power. 

With a load factor of 40 per cent., this becomes for use in oidinarr work- 
ing hours, 80,000 mechanical horse-power on the turbine shaft. 
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At 95 per cent, efl&ciency, this would generate 56»800 kilowatts, and at 
86 per cent, efficiency of converuon and tranemiasion, this would deliver at 
the ecmsumers end 68,000 horse-power in ordinary woiking hours for manu- 
facturing purposes throughout a dry year; with a larger diversion of water 
for scenic purposes at Genesee Falls, the yield of power would be correspond- 
ingly less; 700 cubic feet per second would yield 63,500 horserpower. 

Since as already stated, the estimates of flow of river are probably some- 
what low, it appears entirely conservative to speak of this project as capable 
of yielding 32,000 horse-power of twenty-four hour seven-day power on turbine 
shaft, or of delivering 65,000 horse-power to consumers under a 40% load 
factor. 

CoNSTBUcnoN Pbofosed fob Pobtage DAif. 

The accompanying drawings show the general characteristics of the struc- 
tures proposed so fully that little further description is necessary. 

A system of drainage for the interior of the dam is provided, consisting of 
ft series of wells about two feet in diameter spaced about fifteen feet apart, 
rising from near the bottom to above the water level and communicating with 
galleries at top and bottom, all ordinarily closed to circulation of air but ar- 
ranged so that access could be had for inspection. These wells would be 
formed by molded blocks of porous concrete imbedded as the building of the 
dam progresses. They are spaced a substantial distance back from the water 
face and intended to intercept any of the little leakage that is likely to seep 
through concrete under great pressure, here and there, however great care 
be taken. The purpose of intercepting this is to prevent possibility of stresses 
of hydrostatic uplift, particularly when escape of moisture from outer face 
might be sealed by frost. This dryness of outer face tends to its durability 
under frost action and avoids the unsightly appearance and discoloration due 
water, often seen on high masonry dams. 

The sluiceway ga/tes are plaimed on the Venturi principle in a novel man- 
ner in order to save in cost, to make them easier and quicker to operate and 
in order to quiet the discbarge. 

It is proposed to operate them on the hydiaulic press principle, obtaining 
the pressure from the reservoir. Since gates operating under a head so. 
great as given by the full reservoir and without back pressure are liable to 
chattering or to destructive vibration, a special design of gate valve is pro- 
posed in which it is believed quiet action can be secured by avoiding pro- 
jecting lips and by supporting the seat in a novel manner. 

The outer base of the dam is to be shielded from extreme temperature 
strains or frost action by blanketing it with earth and riprap, and a 
molded base course is planned for architectural effect. 

There is an admirable opportunity to build the spillway channel on such 

declivity and with such a steep slope that its gorging by ice or by flood 

debris will be impossible and that the destructive energy of the great volume 

^1 liable to come through it in a great freshet, can be largely absorbed by eddies 

}ior=^ " or water cushions. 

/If it should later be deemed allowable to build at the more economical 
lite nearer the upper falls within' the park limits, proposed by "^jir. Rafter, I 
- ^^^ irould recommend adherence to the general design shown in these drawings 
father than the earlier designs. 

\ 

I 
i 
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Scenic Interest Along Xew Railroad Location. 
The new location selected for the railroad in climbing to the higher level 
above the proposed reservoir, is designed to preserve all the scenic interest 
of the present line and take a course such that the best possible view ot the 
dam and the lake and of the outflow in time of flood, will be had from the 
trains. Those who must hurry on, as well as those who can stop over at 
Portage, should have opportunity to enjoy this beautiful scenery. 

Ghabacteb of Substbata at Thin Rim of Portage Basin. 
In the zeal of certain estimable men without engineering experience to 
prevent any encroachment whatever upon the beautiful Letchworth Park, 
statements have been made that a part of the rim of the proposed basin or - 
reservoir, lying about three-fourths mile westerly from the proposed dam 
site, is composed of dangerous quicksand. The basis for this statement is 
that geologic study shows the river once ran through a different channel from 
that now occupied, a deep gorge now deeply filled, and there is a slowly 
shifting bank, over which the Pennsylvania railroad runs, close beside the 
present river gorge and about a mile distant from the locality in question 
but apparently on the line of the same ancient channel. Another basis for 
this idea is found in the statement that years ago the railroad abandoned an 
attempt to tunnel through the narrow portion of the rim in question because 
of finding quicksand. All this evidence is plainly nonconclusive. 

I have, therefore, given special attention to this matter of the safety of the 
rim of the basin by having the ground carefully contoured and by having 
numerous deep test borings made at many points scattered over this small 
area of debatable ground. The sliding bank of fine, wet sand and clay 
nearer the river has also been studied. 

Ours are the. first borings known to have ever been made for actually 
finding out what the truth is about the substrata in this locality near the 
rim of the basin. 

A line for borings was laid out as nearly as practicable at the thinnest 
point in the natural rim of the basin, located about three-fourths mile north- 
east from the dam site. Four holes were bored at the locations shown on 
Plate No. 21. The precise locations were controlled somewhat by the 
location of road and ownership of land, so they vary a little to one side 
from the shortest line. The holes were placed in the gully along the lino 
of supposed weakness, pointed out to the Commission at the time of its visit. 
The borings were made under a foreman experienced in test borings, and 
check records were kept by one of the assistant engineers. Bed rock was not 
reached in any of these holes, although the deepest was 150 ft. deep to eleva- 
tion 1084. 

In general, the samples were washed up and caught in a tub« and although 
some care to avoid loss of the finest particles was taken, this method tends 
to exaggerate the porosity. A few " drive samples " were taken from some 
of the later holes, and these are unmistakably a hard, caking, blue clay. 
Samples were taken at each five feet increase in depth, when adding eacli 
length of casing, but after examining and making record, were not pre- 
served unless a change of material was met. Samples were preserved for 
reference from each day's work, and from each change in material. Daily 
reports were sent in by the drill foreman. 

Every one of these deep samples concurs in shotcing extremely fine close- 
grained impervious material well adapted to forming a xoatertight emhanlc- 
mentf considering the great horizontal thickness of the natural dam. 
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The drill foreman followed popular terminology in classing the deep 
samples nearly all as " blue clay," but the material also partakes largely of 
the characteristics of an extremely fine sand, or " rock flour." 

From the topographic sheet plate No.* 19a it will be seen that the thickness 
at water l€ve| at narrowest point, on proposed flow line at elevation 1,210 is 
1,800 feet. On the section shown, Plate 21, it is 2,200 feet.* With water 
down 25 feet, the horizontal distance is 3,200 feet. 

The rise of the natural ground above proposed high water in the reservoir 
is about 100 feet and the thickness of the natural dam, having this great 
super- elevation is about 500 feet at its thinnest point. 

The ground water does not sink down, but the surface water comes out to 
edge of steep slopes above the proposed high water level on the downstream 
side at elevation 1,220, or comes out at elevation 1,215 on the reservoir side. 

Substantially everywhere below the proposed high water level in the 
reservoir, the material was classified by the superintendent of borings as 
either " hard pan '* or " blue clay." 

From examining the samples, I find that most of those listed as sand are 
so extremely fine, that as they naturally lie in large masses and including^ 
the fine particles lost in the process of wash-boring, these sands would be* 
impervious in the sense in which the word is used by practical men, the- 
grains being mostly 1/600-inch in diameter. 

The general results of the borings are shown in plate No. 21 of the 
drawings, and so far as they go, they show the conditions to he entirely safe 
I for the work proposed, 

■ As a matter of fact, although this place may look thin to one who stands 

i on the Erie Eailroad grade, or stands in the highway a hundred feet higher 

; than the proposed high water mark, but without having marks to show where 

the water level would intersect the bank, it is actually more than one-third 
of a mile thick at the high water level at its narrowest point. The word 
" quicksand " has been so persistently repeated by one of the gentlemen who» 
has -written upon this subject, that I have taken pains to secure expert; 
opinion in the classification of the boring samples returned as clay, and in* 
order that anyone technically familiar with problems of percolation might 
reassure himself concerning the imperviousness of the material, have had- 
microscopic measurement made to show the quality of much of the material! 
classified as sand. 

It will be noted that the particles are extremely fine, and those familiar 
with such problems will recognize that the rate of percolation in such materiar 
in such great width of embankment would be practically negligible. 

ThisL portion of natural dam so far as yet explored appears abundantly safe 
in comparison with such precedents, for example, as is found at the north 
dike of the Boston Metropolitan Water Works, the proposed Isthmian Canal 
dam at Gatun, and in sundry other engineering works. 

Since extremely fine sand sometimes looks very much like clay, and since 
expert foremen of borings sometimes classify material as clay, which chemi- 
cally is not clay, six representative samples from the Portage borings were 
sent for classification to experts familiar with the interpretation of borings, 
Tlieir reports are as follows: 

Portions of the same samples were also tested for size of grain, with results 
given below. 
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size of sand grains. 

Boring Sampij:s From Portaoe, N. Y. 
Size of grains is givea as diameter in decioials of an inch. Measured under microscope 
wlib micrometer eyepiece by K. Whitman, Jr.. February 19, 1008. 

Of Samplen Sent to BxperU. 

No. 1 or A. Hole 3. sample 7. Sice. .003 to .005. 

No. 2 or B. Hole 5. sample 8. Mixture of fine material, sixe. .0001 to .0005. with some 
coarse material, size, .003 to .005. 

No. 3 or C. Hole 1, sample 4. Size. .00005 to .0002. 

No. 4 or D. Hole 5. sample 4. Size. .006 to .000. 

No. ") or E. Hole 5. sample 7. Bfizture ^f fine material, size, .0001 to .0007; witli cosrsei 
size*. .003 to .05. 

No. 6 or F. Hole 4, sample 5. Size. .001 to .004. 

Of Other Samples Preserved fir Reference at Albany Office. 

* Hole No. 1. 
Sample No. 2. Size. .003 to .007. 
Sample No. 3. Size. .00005 to .0002. 
Safhple No. 4. Size. .00005 to .0002. 

Hole No. 2. 
Sample No. 3. Mixture, coarse. .003 to .005. with finer material. .0001 to .0005. 
Sample No. 4. Size, .00005 to .0001. 
Sample No. 5. Size, .00005 to .0002. 

Hole No. 3. 

Sample No. 2. Graded material, .003 to .1 or .2. 
Sample No. 3. Graded material. .05 to .5. 

can pie No. 4. Size. .002 to .006 and small amount coarser material, .03 to .1. 
Sample No. 5. Mostly .00005 to .0001, with some .0005 to .002. 
ISample No. 6. Size, .0001 to .0008. 
Sample No. 7. Size, .003 to .005. 

Sample No. 8. Size. .0001 to .0005 with some .002 to .005. 
Sample No. 9. Mixture. .0001 to .0005 and .002 to .004. 

Hole No. 4. 
Sample No. 1. Size, .002 to .008. 

Sample No. 2. Largely .0001 to .0005 with some .001 to .002. 
Sample No. 3. Size. .003 to .005. 
Sample No. 4. Size. .0001 to .0003. 
Sample No. 6. Size, .001 to .004. 

Sample No. 6. Size, .00005 to .0003 with coarser material graded Irom I i ,. 
Sample No. 7. Graded from .0001 to .1. 
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REPORT ON PORTAGE RIM SAMPLES BY W. O. CROSBY. GEOLOGIST. 

DKPABTIIBNT of GXOLOGTt 

Massachusetts Institute of Technology. 
Boston. Mass., February 4, 1908. 
Mr. John R. Freeman, 

Consulting Engineer: 
In accordance with your instructions. I hare examined six samples of material from 
drill borings recently sent me from Albany and I ^submit herewith my conclusions as to 
the character and proper classiflsation of ths materials. 

It will promote clearness and convenience to refer to the following: 

Approximate Diameter 
diameter of grains in 
of grains in decimals 
General classification ot detrital materials. millimeters . of an inch. 

1. Coarse gravel • 

2. Fine gravel 

3.' Coarse sand ' 

. 4. Medium sand 

5. Fine sand 

6. Superfine sand 

7. Quartz flour 

8. Superfine quartz flour .- 

9. Clay 

10. Boulder clay or till 

In general usage, quartz flour (7, 8) is reckoned as clay. It is the principal cqostituent 
of even the most plastic glacial clays; but it is also often quite free from a true clay base. 

Sample A. , ■ » • ^ 

Superfine sand (6), composed almost exclusively of subangular and fairly uniform grains 
of quartz, with no appreciable amount of clay. The gray color indicates a source below or 
near the water level; and the grain is fine enough to give it a low filtration rate, or make it 
relatively impervious. 

Sample B. 

A mixture of superfine sand, quartz flour and clay (6, 7. 8, 9). The sand largely pre- 
dominates; and the clay does not exceed flve per cent, of the whole. It is much more 
highly composite and more impervious than No. 1, and probably from a deeper source 
relatively to the water level. The convposite character and especially the clay must make 
this material practically impervious. 

Sample C. 

An Intimate mixture of quartz flour and blue clay (8, 9). In other words, a blue or 
unoxidized glacial clay — a typical brick clay. Examination with the microscope and by 
washing shows that in spite of its plasticity it is chiefly composed of superfine quartz flour, 
the proportion of true clay base probably not exceeding 25 per cent. ; but this is suflacient 
to make it highly impervious. 

Sample D. 
Medium and fine sand (5, 6) only a trace of quartz flour and no clay. Its relative coarse- 
net9, and the uniformity of grain, make it highly pervious and a good water-bearing sand- 
while the bufif tint suggests a source above the water level for this sample. 

Sample E. 

A highly composite sand, varying from fine gravel (2) to superfine sand (6), with little or 
no quartz flour or clay. In spite of its composite character, it is, apparently a good water- 
bearing sand; and the dark gray color shows that it has come from well below the water 
level. The statements as to the water-bearing character of this and other sands are, of 
course, based upon the assumption that no appreciable amounts of clay were lost in pro' 
aring the samples. 
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CLASSIFICATION OF CERTAIN SAMPLES OF SAND OR CLAY FROM 
PORTAGE, N. " . 

N. Y. Board of Water Supplt, 
Laboratory, 147 Varick Street, February 7, 1908* 

Dear Sir. — I send the following report of examination of three ^3) samples of clay 
marked '* State Water Supply Commission No. B " and " State Water Supply Conmiission 
No. C," The samples were turned over to Mr. Gaines for the chemical and physical tests. 
The size of sample was insufficient to make any tests by elutriation, or ordinary mechanical 
analysis with sieves. I quote from Mr. Gaines' report, as follows: 

" Each of the samples responded to the tests by which clays are usually recognized, and 
they may be therefore classified as clays. 

*' The samples were plastic in the state in which they were received, and became hard 
and brittle on drying. Each of the samples consisted in part of coUodial substances. 

** After drying at 130 degrees C, Sample B was found to contain 5.54 per cent, water of 
hydration and Sample C 5.84 per cent, water of hydration. 

" Chemically, both samples consisted in part of hydrous aluminous siUcate. or the pre- 
dominant ingredient of ordinary clay. 

** The test by water of hydration alone would be insufficient to pronounce these materials 
clays.'' Pure, high-grade clays contain a minimum of 12 per cent, water of hydration: mixed 
sandy clays may run as low as 3 per cent, or 4 per cent." 

There are two general groups of clays; residual clays, those formed in place; sedimentary 
clays, those deposited from suspension in water. Naturally, the latter afford the best exam- 
ples of uniform mechanical grading. 

For the ordinary purposes of engineering construction I should consider these " clays.* • 
I should pronounce them true clays containing an intermixture of rock flour, the latter of 
which is probably composed of clay forming minerals not completely broken down chemi- 
cally Into day, and non-clay forming minerals, probably chiefly quartz. Presimiably, they 
are of residual origin. 

Respectfully yours, 

tSigned) JAMES L. DAVIS. 

Assistant Engineer. 
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APPROXIMATE ESTIMATE OF COST OF PORTAGE RESERVOIR, 
PLANS OF 1907. 
SuM3«ARY (quantities and prices), 
p' (Estimates on structures mostly by C. T. Rhodes, C. E.) 

The following are from rough preliminary approximations and are subject to revision after 
more complete survey and studies. They are however believed liberal. 

Land for reservoir, tunnel and power house .* $750,000 

Buildings to be removed for reservoir (as estimated by Mr. Shedd) 770,000 

Relocation of Pennsylvania Railroad 770.000 

Dam and spillway 2,091,000 

Highway bridges over reservoir 125,000 

Clearing reservoir 25.000 

New highways 40,000 

Moving cemeteries 15,000 

$4,586,000 
Add 10 per cent, for engineering and contingencies 458 . 000 

Total cost of Portage reservoir, estimates of 1907, as developed for storage 

and flood control and exclusive of tunnel and power plant $5,044,000 

For details see following pages. 

Comparison With Ebtibcatks op 1896. 

It will be noted that the above total cost is double that estimated by Mr. Rafter in the 
State Engineer's Report of 1896, p. 703. In our estimates of 1907, the lands and buildings 
are estimated at about $870,000 more than in former estimates, a part of this being due to 
our having added 50 per cent, to the detailed approximate estimate of present market 
value to allow for extra costs and legal expenses connected with takings for public pur- 
poses. 

Our estimate for the dam is $1,311,000 more, due in part only to change in site in mov- 
ing upstream from the limits of the park. For changing the railroad we figure $220,000 
more, for bridges and wagon roads $35,000 more. 

As previously stated, our present figures rest on incomplete data and are subject to 
revision. It has been our intention to make these estimates on a liberal basis. The follow- 
Ine details will make plain the basis used . 
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DETAILS OF PRELIMINARY ESTIMATE. 
PORTAGE PROJECT. 

Approximate Cost of Ijind Required for Reservoir, etc., wtthISpillwat at Eleva- 
tion 1,210 Feet Above Sea. 
(See report of inspection by George G. Shedd. C. £., in appendix.) 

1.600 acres farm land. SlOO $160,000 

i .600 acres farm land. $80 . .* 128.000 

1. 100 acres farm Und. $60 66.000 

1,200 acres hillsides, $40 48.000 

2.700 acres hillsides, $30 81,000 

600 acres hillsides, $25 15,000 

400 acres village property. $500 200,000 

500 acres river bed already owned by State 

0.700 acres $698,000 

Expense of condemnation and legal expenses 52,000 

Total : $750,000 



AREAS OF LAND TO BE PURCHASED. 

For Reservoir and Dam. 

Area overflowed with wate; at elevation 1,200 12 . 3495 sq. miles 

Area overflowed with water at elevation 1.210 13.6875 sq. miles 

The above figures are from State Engineer's report. 1806. p. 709. 

The new dam site is about 2.000 feet farther up-stream than the one proposed in 1896 and 
the intervening i>ortion of the gorge is about 800 feet wide at elevation 1210. making about 
40 acres to be deducted from the above figures. 

Disregarding this small amount, and assuming that the increase in area from 1.210 to 1,220 
Is equal to that from 1,200 to 1,210 gives a result of 15 square miles, or 9,600 acres. 

Deducting area of river bed, about 500 acres, leaves net amount to be pur- 
chased 9, 100 acres 

For Tunnel and Power-house — SriE B. 

For tunnel, right of way. 18.000 x 50 ^ 23 acres 

For two shafts and dumping space .• 8 acres 

For power-house and surroundings (above and below cliff, including river diver- 

" sion) 1,500 X 800 25 acres 

For railway to connect with P. R. R. near Lewis' crossing, 15.000 x 100 40 acres 



96 acres 



The land for power-house site and the right of way for the tunnel should properly be 
acquired at same time that reservoir dam is built, in oraer to avoid possible future com- 
plications. 

APPROXIMATE ESTIMATE OF COST OF PORTAGE DAM AT NEW SITE ABOUT 
1 MILE ABOVE UPPER FALL. 

Dam of the Arched. Rubble Concrete Type — Face of Concrete Blocks. Spillway 
at Elevation, 1.210 Above Sea. 

83,000 cubic yards earth excavation, $1.75 $62 250 

70,500 cubic yards rock excavation. $2.50 176. 250 

34,600 cubic yards embankment in aprons. 35 cents 12 i i IQ 

coffer dam ana unwatering site 28* 000 
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268 , 300 cubic yards (cyclopean) concrete in dam and spiilway. S6.50 SI , 743 . 950 

300 feet westerly extenidon of spillway, say 10,000 

1,835 cubic yards concrete in bridge, $10.00 18.350 

1 . 210 cubic yards concrete in cornice and parapets, $12.00 ~ 14. 520 

2,400 square yard8.8lope paving. $1.00 2.400 

4 48-inch special valves ) 

1 30-inch special valve V 12,000 

1 18-inch special valve ) 

Roofing, doors, windows, etc., of gate-house 1 . 500 

Stairways and railings of gate-house 750 

2, 100 square yards brick paving, $2.50 6, 400 

650 square yards granolithic sidewalk (finishing), 40 cents 260 

Weir across river below dam 1 , 500 

Outfall ' 1.000 

Pumps and piping for gate valves 500 

$2,090,740 



COST OF RECONSTRUCTION OF PENNSYLVANIA R. R. 

Computer, C. T. Rhodes, C. E. 

Checked by K. Whitman, Jr. 

Jan. 30. 1908 

185 acres right of way, $60.00 $11 . 100 

70 acres clearing and grubbing, $30.00 2. 100 

.608,000 cubic yards earth excavation, $0.25 152.000 

110,000 cubic yards rock excavation, $1.00 110.000 

43,800 cubic yards baUast, $0.50 '. 21.900 

49.600 ties. $0.75 37,200 

2.080 tons steel rails, $30.00 , 62. 400 

250.000 pounds splice bars, $0.015 3. 750 

25,000 pounds bolts. $0.02 500 

100,000 pounds spikes, $0.0175 1.750 

18.5 miles track laying, $500.00 9.250 

12 switches and stands, $75.00 900 

cast iron pipe culverts 10,000 

masonry arch culverts 10,000 

bridges and piers * 275.000 

800 lineal feet tunnel in earth with concrete Uning, $80.00 64,000 

18.000 square yards slope paving, $1.00 18.000 

3.000 lineal feet piling, $4.00 12.000 

road crossings and cattle-guard 50(^ 

14 miles fencing, $500.00 7,000 

15 miles telegraph line, $300.00 '. 4, 500 

3 stations and freight houses *. 10.000 

1 coal station 500 

1 water tank 600 

draining slide section 3.000 

temporary trestling, removing bridges 6,000 

Gross total $833,950 

Credits. 

1 ,900 tons steel rails, $20.00 $38,000 

25,000 ties, $0.35 7.500 

250 tons structural steel in bridges removed. $40.00 10.000 

160 acres right of way, $60.00 9. 600 

stations and other buildings 2.000 

Less credits 67, 100 

Net total $766. 850 
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PORTAGE POWER PLANT AT SITE B. APPROXIMATE ESTIMATE OF COST 

(Estimates by R. D. JohruMMi.^M. E.) 

Summary (for detaila see following p^es). 

Tunnel. Including 2 worldng shafts and intalce shaft '. SI . 392 .000 

Excavation for power-house, penstocks and surge pipe shaft 47; 385 

Concrete for power-house substructure, and linings of penstock, tunnels and 

surge pipe shaft 102.860 

Concrete for transformer house, substructure - 18. 580 

Concrete lining for cliff at transformer house 4,200 

Steel work for itenstocks. forebay. surge pipe (below ground), re-infordng ba'v. 

etc , 81 .965 

Gates, valves and operating mechanism 15,485 

Power-house superstructure 41 .760 

Transformer house, superstructure * 47,800 

H.vdraulic machinery 189.000 

Electrical machinery 742,500 

Cranes and auxiliary machinery 37.000 

River waU. river excavation and miscellaneous improvements 16.260 

Railroad siding from Pennsylvania Railroad to power-house 54.000 

$2,790,795 

Intake works, say 40.000 

Surge tank "Study No. 1," all concrete 135.880 

Total below dam .• $2,966,675 

Add 10 per cent, for contingencies and supervision, say 296.668 

$3,263,343 
Add for transmission lines, equivalent to convesring 50.000 kilowatts to Roch- 
ester, say 800.000 

Total fdr power plant, tunnel and transmission line about $4,063,343 

Adding to this the cost of the reservoir and dam and accessory works 5.044,000 

Total cost for complete Portage development $9, 107. 343 



TUNNEL (fifteen feet diameter) SITE B — PORTAGE, 

Allow 12 inches for average thickness of concrete. 

Excavation at 8^ yards per foot, at $5 $42 50 

Concrete. 2 yards, at $9 18 OO 

Estimated cost per lineal foot $60 50 

»-■ ' ■ " 
Allow for irregular rock, timbering and contingencies, 15 per cent., or say 
$70 per foot for average conditions. 

18.000 feet, at $70 $1,260,000 

Two working shafts, say 600 feet, at $120 72.000 

Intake shaft, including steel lining, 300 feet, at $200 60,000 

Total $1, 392.000 
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SUMMARY OF DETAILED ESTIMATE FOR POWER-HOUSE, SITE B — 
PORTAGE. N. Y. 

Rock excavation: 

Power-house site, including tailrace, say 2,000 cubic yards, at S1.30 S2.600 

For main penstoclcs from outside face of power-house to end of intake 

special, 2,000 cubic yards, at $7 14,000 

For passage to valve chamber, 550 cubic yards, at $7 3. 850 

For tunnel for exciter penstock; 35 cubic yards, at $7 245 

For riser shaft between elevation 727 and 877, 1,270 cubic yards, at $12 15. 240 

For feeder head and riser below 727, 2,300 cubic yards, at $3.50 8.050 

For diffuser, 850 cubic yards, at $4 3. 400 

$47.385 

Concrete: 

Power-house substructure, 10.195 cubic yards, at $7 $71 , 365 

Ck)vering main penstocks from outside face of power-house to end of 

intake special, 950 cubic yards, at $18 17, 100 

Lining passage to valve chamber, 200 cubic yards, at $8 1 , 600 

Lining around exciter penstock, 25 cubic yards, at $9 225 

Lining riser shaft between elevations 727 and 877. 420 cubic yards, at $6 2 , 520 

Lining feeder head and riser below elevation 727, 900 cubic yards, at $9.50.. . . 8. 550 

Lining diffuser, 150 cubic yards, at $10 1 , 500 

$102.860 

Steel: 

Reinforcing steel in power-house substructure, 119,000 pounds, at $0.045 , $5, 355 

Main penstocks inside of power-house, 246,000 pounds, at $0.0475 11 .685 

Main penstocks from outside face of power-house to end of intake special, 

658,000 pounds, at $0.0625 34.875 

Main penstocks, six intake special sections, 46,000 pounds, at $0.07 3.22o 

Exciter penstock complete, 36,000 pounds, at $0.0525 1 , 890 

By-pass piping, 13,000 pounds, at $0.055 715 

Reinforcing beams between penstock at feeder head, 62,400 pounds, at 

$0 . 025 1 . 660 

30-foot cylinder at feeder head, 87,000 pounds, at $0 . 08 2 , 960 

Bottom of 30-foofr cylinder at feeder head, 11,600 pounds, at $0.07 805 

Riser from tunnel to elevation 875, 196,000 pounds, at $0.055 10, 780 

Diffuser at end of tunnel, 101.500 pounds, at $0.08 8. 120 

$81 ,965 

Gate-operating mechanism, 119,500 pounds, at $0 .09 $10,755 

Gates, 31,000 pounds, at $0.08 2.480 

Valves on exciter and by-pass line, 9, at $250 2 , 250 

$15,485 



Power- House Superstructure. 

Superstructure walls, 2,630 cubic yards, at $8 

Operating gallery, 1,950 square feet, at $0.80 

S ipporting wall under gallery, 60 cubic yards, at $8 

Steel work for roof (projected area), 275 squares, at $20 

Roof covering, superficial area, 306 squares, at $30 

Grane runway for power-house, say ' 

Total superstructure ; . . 



$21, 


.040 


1, 


,560 




480 


5 


.500 


9 


,180 


$37, 


.760 


4.000 


$41, 


.760 
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Tratuformer House, SubMrueture, 

(Rock excftvmtlon, none.) 

Concrete: 

Transfonner foundations, 1.000 yard^, at M.50 , $6,500 

F'otindation walls, 1.330 yards, at $7. 9.310 

Foundation end walls. 110 yards, at S7 770 

Crane waU (fining cUff), 050 yards, at $6.50 4.200 

Transformer skids, say 40.000 pounds, at $0.05 2,000 

Total $22.780 

Tratuformer House^ Superetructure. 

Roof. 160 squares, at $30 ._. $4,800 

Steel in roof, 13.000 square feet, at $0.20 2.600 

Floor space upstairs. 13,000 square feet, at $0.80 10.400 

Floor space downstairs, 11,000 square feet, at $0.80 8.80^ 

Walls, 2.275 yards, at $8 18,200 

Crane runways, lump sum, say 3,000 

Total $47,800 

Surge Tank for Study " No. 1." 

Concrete, main structure. 3,500 yards, at $15 $52,500 

Concrete, catch basin, 1.620 yards, at $6. 50 10,520 

Steel reinforcing. 155.000 pounds, at $0.04 6,200 

Steel tank, weir and down pipes, 393,000 pounds, at $0.07 27. 500 

Steel riser, 426.000 pounds, at $0.05 21.300 

eel splash tanks. 284.000 pounds, at $0.04 11,360 

I cof lagging and incidentals, lump siun 1 ,500 

Cost of getting rid of waste water, lump sum, say 5,000 

Total $135,880 

r . .11, -^ ==ss 

SITE B — ESTIMATE OF POWER-HOUSE MACHINERY. 

Generators, 10,000 kilowatts on 25 per cent, overload, say 6 at $60^000. ..'.,, $360,000 

Turbines, 90-inch runners, say $30,000 each, 6 at $30,000 180,000 

Exciters. 350 to 400 kilowatts each, say $7,500. 3 at $7.500 .^. . . . 22. 500 

Exciter water wheels, say $3,000, 3 at $3,000 9,000 

Transformers, 11,000 v. to 110.000 v., 10.000 kilowatts on overload, say 6 at 

$30,000 180.000 

High tension switches and apparatus, wiring, etc 100 ,000 

Low tension switches and apparatus, switchboards, etc 80 .000 

Crane, 50-ton on 75-foot span, at $9,000 9,000 

Crane. 10-ton, hand operated, 57-foot span, at $2,000 T 2.000 

Crane, outside, for transformers, 50-ton, 20-foot span 6.000 

Auxiliary machinery, air, water, oil, motors, wiring, etc 20,000 

Total : $968,500 

Railroad Siding from Main Line to Power House, 

Per mile. 

Preparing roadbed, say $10,000 

Rails, 120 pounds per yard, at $0.03 6.350 

Ties, at $0.20 per foot 1,060 

Total $17. 410 

Say 3 miles to j^ite B. at $18,000 $54,000 
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ESTflilATED COST PER HORSE POWER OF THE PORTAGE DEVELOPMENT 
FROM ROUGH PRELIMINARY APPROXIMATIONS. 
First Stage, Portage Development. 
From table on page 194 we see that the average possible increase in power at present 
plants due to the use of all the water from the storage in the Portage reservoir would average 
about 20,000 net 24-hour horse-power for the dry half of the year, and it would, as a prac- 
tical matter, increase to about this extent the power economically available throughout 
the whole year. 

The total cost of the Portage reservoir, if all the burden is put on this water power, and 
nothing on flood control or on betterment of sewerage conditions, distributed over this 
$5,044,000 

added power is , or $250 per 24-hour 7-day horse-power — a high price: or if 

20,000 
this power was used on a 40 per cent, load factor basis, or as 11.2 hour-power, the cost 
for the mere additional water supply for power at present plants, exclusive of expenditure 
for new turbines, raceways, etc., woyld be about $100 per net horse-power. 

Portage Plant, 
For the second stage, with the Portage power-house bidlt and the transmission line to 
Rochester completed, so that about 65,000 horse-power of 11.2 hour power, or power under 
40 per cent, load factor, could be delivered to consumers from the Portage power-house, 
' $9,107,000 

the total cost would be about or $140 per net horse-power delivered from Port- 

65.000 
age power-house, under 40 per cent, load factor. 

But meanwhile the present plants at Rochester and Mount Morris would have made 
available to them water sufficient to add in all about 8,750. horse-power of 24-hour 7-day 
power, equivalent to about 22,000 net horse-power under a 40 per cent, load factor* 
which should carry a part of the above burden. 

If we put on this only two-thirds as much as on that generated at the Portage power -^ 
house, because of these sites having to meet the expense for raceways and hydraulic 

$9,107,000 

machmery, the total cost distributed over 79,600 net horse- power gives 

79 , 600 horse«-power 
about $115.00 per horse-power as the cost under a 40 per cent, load factor, oc for 11.2 hou , 
power, and with no part of the burden carried by the flood regulation and sewerage im« 
provementS. This is a reasonably low cost and compares well with many modem develop- 
ments. 
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As a first rough approximation similar to that given for the Sacandaga 
on page 175, we may reckon for the yearly cost, as follows, making the 
estimate for the second stage, or the combination of reservoir and power 
house, instead of estimating the yearly maintenance for these separately, 
as on Sacandaga. 

Intprpst on 19,107,000, at 4 per cent $364,280 

Annual payment to sin kins fund, 50-year, 4 per cent., at .655 on total 

cost of enterprise 59,600 

Taxes or equivalent payment to towns at reservoir and power house.. 15,000 

Maintenance of new State highways 5.000 

Depreciation and repair on perishable parts, say 50,000 

Huporvlslon and maintenance of reservoir 10.000 

Power house, supplies, oil, petty repairs and insurance 25,000 

contingencies and forfeits, say 25.000 

" ** attendance power house and transin^sslon 75,000 

** " supervision and maintenance 10. 000 

Total yearly charges, reservoir and power house $638, S80 

Distributing this over the whole 65,000 horse power under 40^^ load factor 
from Portage, plus % of the 22,000 horse power added at Rochester and Mount 

Morris, or in all 79,600 horse power of 11.2 hour power we find ^^^8,880 ^ 

79.600 
$8.03 per horse power per year delivered to consumers for power which could 
not be produced by steam and delivered, even with cheap coal and large units, 
for $20.00 per year. 

A word of caution is again necessary, that so vast an amount of power 
could not all be promptly marketed, and that special inducements of low rates 
for terfns of 5, 10 and 20 years would have to be offered to new industries. 
All rotes should be subject to revaluation at end of a term of years. 

From what has been said on page 178, and from these costs, it is plain 
that when developed this great power should be so developed as to get the 
most out of it for all time, and that the development should be under public 
control. 

COXCLUSION. 

In concluding this report I would again emphasize the fact 
that this is but a progress report and that the small appropriation 
and the four months of field work have permitted hardly more 
than a fair beginning of the broad study of how best to conserve 
the water power resources of the State of New York. 

In the two cases selected for special study we have first of all 
tried to make sure of our data on yield of water, and then to make 
sure of the extent to which reservoir storage could conserve this 
flow for use at a uniform rate throughout the year ; for upon in- 
correct answers to these questions, which so vitally affect the 
quantity of power which a given stream can yield in time of 
drought, have rested most of the disappointments in water j)ower 
development. 
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We have tried to study impartially the question of storage 
reservoirs for power in the Adirondacks and have found that these 
reservoirs can be so built as to add to the attractiveness of the 
Forest Preserve and that whether they make the scenery dismal 
or beautiful is simply a question of proper plans and supervision.- 

We have tried to study impartially how the Portage Falls 
could be made to contribute most to the welfare and happiness of 
the people of the State of Xew York and have found that result 
would come when the time is ripe, through a broadly planned 
reservoir development under State control. 

In closing I desire to return thanks, on behalf of the engineer 
corps, for the kindly interest that all of the members of your 
Board have taken step by step in all of our work, and personally 
I desire to give public testimony to the zeal and fidelity of a corps 
whose members have week after week voluntarily worked long 
overtime and cheerfully given up holidays that the work of the 
first season might give some interesting and definite results. 
Respectfuly submitted, 

JOHN R. FREEMAN, 

Hydraulic Engineer. 
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REPORT UPON THE PROBABLE STORAGE CAPACITY AND WATE 
POWER THAT COULD BE DEVELOPED BY A SERIES OF SMALL 
DAMS AND RESERVOIRS UPON THE VARIOUS TRIBUTARIES 
AND HEADWATERS OF THE GENESEE RIVER ABOVE PORTAGE 
TOGETHER WITH AN ESTIMATE OF COST. 

Bt George G. Shedd. C. E. 

Pbovidbncb, R. I., January 16, 1008. 
Mr. John R. Fbboman, Con$uliing Engineer, Providence^ R. I.: 

Dear Sib. — As requested by Mr. McCulloh in his letter of NoTember 23d, I mad« 
a reconnolssance, between NoTember 26th and December 7th, of the UppA 
Genesee and all the important tributaries above Portage, with a view to determining 
whether or not the so-called Lord Kelvin plan of constructing a series of reservoirs 
on the head waters and developing power in small units and at the same time 
controlling the flood situation was feasible. 

The method followed in obtaining this information in the time desired has been 
to drive up the valleys on the nearest road to the stream, making occasional detours 
on foot where the stream could not be seen from the road, taking observations of 
height by aneroid barometer and hand level; width of dam sites and reservoir* 
when map was not available by eye measurement, and lengths along stream, from 
the best existing maps. 

The capacities of reservoirs on the lower portion of stream from Wiscoy creek 
to Angelica creek Inclusive, were computed from the United States topographical 
maps ; above that where no maps are available, capacities were computed from eye 
measurements, etc., as previously noted. 

The designs and estimates from this data have been made upon a conservative 
basis, using unit prices taken largely from my own personal experience upon 
similar work. The regulated flow used is deduced by plotting a mass curve of 
average monthly flow in watershed inches for nine years (1800-1898 inclusive), 
as given in Flood Committee's Report of 1905 upon the Grcnesee river, upon 
which each reservoir capacity was plotted and the maximum rate of flow that could 
be maintained determined graphically. 

While the flgures obtained in this way are necessarily only very roughly approxi- 
mate, I believe that they are accurate enough to determine whether or not further 
9tudies should be given to these propositions, which, I understand, is the main 
object of this reconnolssance. 

A statement as to the possibilities on each creek visited follows, taking them in 
order above Portage. 

1. — Wiscoy Creek, at Wiscoy, N. Y. 

The lower portion of Wiscoy creek below the village of Wiscoy flows through 
the valley with very little fall. Just above the village is a series of falls over 
slate ledges, aggregating 60 feet in height. At the head of the falls is a narrow 
gorge with precipitous sides of disintegrated slate through which the stream flows 
quite rapidly, falling perhaps 20 feet from dam site to head of falls. 

There are several good dam sites in this gorge, the one selected as the best being 
about 2% miles west from the Genesee river and about 1,000 feet below the junction 
of* Wiscoy and East Koy creeks. The drainage area at this point is 114 square 
miles. 

A masonry dam 80 feet high above exposed ledge in the bed of creek, about 600 
feet long at top and 200 feet at bottom will create a reservoir of about ^ square 
mile in area and would hold approximately 200 million cubic feet of water. The 
cost of dam would probably be about $320,00Cr, and of reservoir, $20,000 additional, 
making cost of storage $340,000 -h 200 =• $1,700 per million cubic feet. 

[2193 
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The mnxlmum constant flow with storage would not exceed 69 cubic feet per 
•second. This could be utilized to best advantage by building a power station at 
foot of falls near the bridge in Wiscoj Tillage, about 4.000 feet below the dam, 
where a head of 154 feet could be obtained for six months and varying from 154 
feet to 74 feet for the balance of the year. This would give 905 horse power at 
75 per cent, efficiency for six months and range from 905 to 434 horse power for 
the other six months, with an average for the year of 787 horse power. The 
additional cost of developing this power, including penstock, power house, machinery, 
switchboard and necessary power rights will be approximately $68,000, maUng a 
total of 1408,000. or $450 per rated horse power of plant. 

2. — Rush Creek, Hume. 

Rush creek rises about 55 feet to the mile, and the banks are from 600 to 1,500 
feet apart, so that it is quite evident no storage reservoir of large capacity could 
be constructed without too great an expense for dam. 

The most favorable location noted for the dam is near the road crossing above 
new Erie railroad trestle and about 4^ miles east from the Genesee river, wher« 
the drainage area is 37 square miles. An earth dam about 40 feet high and 600 
feet long with masonry spillway could be constructed for approximately $28,000, 
creating a reservoir of .07 square miles In area and of 30 million cubic feet 
capacity at cost for land of $4,000, making a toUl cost of $32,000 or $1,065 per 
million cubic feet of storage. 

The regulated flow would be 21 cubic feet per second and coold be used under a 
40 foot head for six months and then varying from 40 feet to for the balance 
of the year. This would give 72 horse power net for six months and vary from 
72 horse power to for six months, with an average for the year of 54 horse 
power. The additional cost of developing this in power station at the dam would 
be $5,800, making a total of $37,800, or $525 per rated horse power. 

3. — Cold Creek and Bix Town Creek, at Hume, N. 7. 

The only possible dam site for pond water from both creeks Is Just above the 
village, of Hume, about ^ mile below the Junction of Cold creek and Six Town 
creek, and about 2^ miles west of the Genesee river where the drainage area la 
40 square miles. The foundation Is of clay and gravel. A dam here would be 
about 500 feet long at base and 1,000 feet long at crest with a maximum height 
to 10 feet above water level of 65 feet. 

A masonry spillway will be provided about 100 feet long. This dam would 
create a reservoir of .2 square mile in area and contain 105 million cubic feet. 
The cost for this dam would be $250,000, and for the reservoir $10,000 additional, 
making cost per million cubic feet stored $2,470. 

The maximum regulated flow would be 28 cubic feet per second, and could be 
utilized in the power station at dam under head of 55 feet for five months and 
from 55 feet to for seven months, giving 130 horse power net for five months and 
varying from 130 to for seven months, with average for the year of 92 horse 
power. The additional cost of developing this power would be at least. $7,500, 
making the total cost of development $267,500, or $2,050 per rated horse power 
developed. 

4. — Caneadea Creek, Caneadea, N. T. 

The most favorable site upon this creek la about two miles west from the Genesee 
river near the head of Caneadea gorge, which is about 3,000 feet long with pre- 
cipitous sides of disintegrated slate over 200 feet In height, drainage area 68 square 
miles. 

The site, selected would require a dam about 75 feet long at base, and 225 feet, 
more or less, at top, and would need to be 84 feet high above exposed ledge- to 
furnish reservoir of sufficient size to give complete regulation in the average year. 
The cost of this dam is estimated at $200,000, and it would create a reservoir of 
about .9 square mile surface area and 1,000 million cubic feet capacity, costing 
for land, etc., $50,000, making the total for storage reservoir $250,000, or $250 
per million cubic feet stored. 



Studies of Watee Power Developmexi. 221 

Two schemes are considered In developing the power here. One to build 
power house at foot of rapids and at the head of the Gleason mill pond, the other 
to build power house at foot of rapids below the Gleason mill privilege, con- 
ducting water In either case by means of a long penstock. 

The head under the first scheme would be 125 feet maximum and 41 feet mini- 
mum, and would give with the regulated flow of 70 cubic feet per second, a 
maximum power of 746 net horse power at switchboard and a minimum of 245 
horse power with an average of 405 net horse power for the year. This would 
cost about 153,000, including 4,000 foot penstock, power station and machinery, 
making the total cost of development $303,000, or a cost of $407 per horse power. 

Under the second scheme, the head would be 185 feet maximum and 101 feet 
minimum, giving a maximum power of 1,100 net horse power and a minimum of 
600, with an average of 850 net horse power on switch board for the j^vlt. The 
cost of developing this scheme would be $117,100 additional, including 9,000 foot 
penstock, power station and machinery and water power rights at Gleason mill, 
etc., making the total cost of development $367,100, or a cost per rated horse 
power developed of $384. 

S.^ Black Creek, Belfast. 

At a point 1^ miles west from the Genesee river where the drainage area Is 30 
square miles, a low earth dam 30 feet high and about 320 feet long with masonry 
spillway, could be built raising present water level 20 feet at dam and creating 
a reservoir of .04 square mile area, which would contain 11.5 million cubic feet, 
costing $12,500 for dam, and $2,500 for land for reservoir, making a total for 
storage of $15,000, or $1,300 per million cubic feet stored. 

The regulated flow would be 13 cubic feet per second, which could be used prac- 
tically continuously under 20 feet head and develop 22 net horse power at dam, 
at a cost of $1,460 additional or a total cost for development of $16,460, of $750 
per horse power. 

Q.— Black Creek, Belfast, N. Y. 

At a point three miles from the Genesee river, there is a narrow section just 
below Rockville reservoir where a large reservoir could be secured, but at an 
enormous cost on account of expensive dam and very expensive relocating of the 
Pennsylvania railroad and also the new Erie railroad cut-off which is now being 
built up this valley. The drainage area is 26 square miles hero. 

The dam designed for this location consists of a masonry spillway on main 
stream 70 feet high and 70 feet long, flanked by earth abutments 130 feet long 
and an earth dike 3,000 feet long. This would create a reservoir of about one 
square mile in area and of 538 million cubic feet capacity, and would cost 
$263,000 for the dam and $48,000 for the land, making a total of $311,000 
or $580 per million cubic feet stored, exclusive of cost of relocating railroads. 
Estimating the relocation of 12 miles of railroad at $50,000 per mile would bring 
the total cost of reservoir and dam to $911,000, or $1,680 per million cubic 
teet stored. 

The regulated flow is 27 cubic feet per second, and this could be utilized under 
a maximum head of 80 feet and a minimum head of 20 feet, by building power 
station about 800 feet below the dam. This would give a maximum horse power 
of 184 and a minimum horse power of 46, with an average power for the year 
of 115 net at the switch board. To develop this would cost $14,000 additional 
for penstock, power station and machinery, making the whole development cost 
$925,000, or a cost per horse power of $5,000. 

T. — White Creek, Belfast, N. Y. 

The total drainage area of White creek is only 16 square miles, and as it risea 
about 80 feet per mile for the first six miles with an average width between 
lilgh banks of from 300 to 600 feet, it is evident that no reservoir could be 
constructed of sufficient size or at a low enough cost to be considered. 
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8. — Angelica Creek, Anffeliea, N, 7. 

There U no dam ilte below the Jonctlon of Baker and Angelica creeks. Jast 
abOTe the Junction oC these creeks and below Angelica on Angelica creek la a 
deep, narrow gorge through which the creek flows over a series of falla This 
would make a good dam site, and there would be a large reserrolr abore, but it 
would completely wipe out the Tillage of Angelica of about 1.200 Inhabttanta. 

The Pittsburgh, Shawmut A Northern railroad also runs nearly the whole length 
of the valley, and would have to be relocated. A reservoir here, therefore, could 
not be constructed for anything like a reasonable figure, even if authority could be 
obtained to do it, which is very doubtful. 

The drainage area is 65 square miles above the gorge. A dam to close this 
gorge would be of masonry about 76 feet on the bottom, and 200 feet, more or 
less, at the top, and 50 feet high. An earth dike 400 feet loag with a maximum 
height of 30 feet would also be required to close the gap through which the 
railroad now runs. 

The main dam would cost not less than $65,000, and the earth dike about 
(16,000. The reservoir created by these dams would be about half a square mile in 
area and contain 316 million cubic feet of water. 

Estimating the land for reservoir at $1,000 per acre, as it is practically all in 

the village, and the railroad location at $50,000 per mile, and the buildings in 

'the village at $300,000, the cost for reservoir would be $720,000, or a total cost 

for the storage reservoir, including the dam and dike, of $801,000, making the 

cost per million cubic feet stored $2,540. 

The maximum constant flow of storage is estimated at 57 cubic feet per second, 
and if the power station is located at foot of rapids, a maximum net head of 
95 feet could be obtained for six months in the year with a minimum net head of 
45 feet. The power for six months would be 460, and varying the other six months 
from 460 to 217, making an average for the year of 400 net horse power. The 
estimated cost of developing this would* be $29,400 additional for 2,000 feet of 
penstock, power station, and machinery, making a total cost for development of 
$830,000, or $1,800 per rated horse power developed. 

9. — Cam pen Creek, Belvidere, N. Y. 

The Erie railroad from Cuba to Belvidere parallels this creek for its whole 
length and as viewed from the train, it did not appear feasible to locate a 
reservoir of any size on this creek. The valley is uniformly wide (from 600 to 
1,000) and with a descent of from 30 to 50 feet per mile. The drainage area is 
59 square miles. 

10.^ Phillips Creek, Belmont, N. T. 

I did not go up this creek personally, but from descriptions of residents, do not 
believe there is anything in it of value for storage purposes. It is said to be 
a rapidly running stream, flowing through several narrow gorges with no large 
areas between, suitable for reservoirs. The total drainage area is only 30 
square miles. 

11.— 'Knight Creek, Scio, N, 7, 

The total drainage area of Knight creek is only 24 square miles, and as no 
dam site or reservoir site could be found within a mile and a half of the mouth, 
and as the watershed above that point is so small, it was quite evident that 
nothing of value could be found above there. I did not therefore investigate 
any further. 

12. — Vandermark Creek, Scio, N. Y. 

There is a possible reservoir site about two miles up from the river where a 
reservoir, say, 1 mile long and from 400 to 800 feet wide, making a surface area 
of .114 mile and averaging, say, 10 feet deep, could be secured by building a dam 
approximately 50 feet high, from 60 to 75 feet long at the base, and from 150 
to 200 feet long at the top at head of gorge. The foundation for the dam would 
be of disintegrated slate. 
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The dam is estimated to cost not less than $78,000, and would create a reservol/ 
of 30 million cubic feet capacity. The cost for land ^ for reserroir is estimated 
at 15,600, making a total cost for storage of $83,600, or a cost of $2,780 per 
million cubic feet stored. 

The drainage area above dam is 19 square miles, and the maximum constant flow 
is estimated at only 11 cubic feet per second. This could be utilized under a head 
of 70 feet for six months and varying from 70 to 20 feet for six months by 
carrying penstock about 1,000 feet down the stream to the power station. 

The maximum horse power would be 65 and the minimum 18, giving an average 
for the year of 63. The cost of developing this power would be $6,800 additional 
for penstock, power station, and machinery, making the total cost of development 
$90,400, or a cost per rated horse power developed of $1,390. 

IS.— Dyke Creek, WellsviUe, N. Y. 

The valley of Dyke creek would make an admirable reservoir, as it is broad 
and flat and the land is practically worthless except for a large oil pumping 
station, but there is no suitable dam site. The point selected as the most favor- 
able for dam is about 1 mile east of the Genesee river and as estimated consists 
of a masonry 'spillway 200 feet long and an earth embankment 1,300 feet long * 
and 50 feet high to the flow line with a maximum height of 60 feet. This would 
create a reservoir of .36 square mile in area and of approximately 200 million 
cubic feet capacity. 

The cost of dam would be not less than $370,000, and the cost of land for 
reservoir exclusive of moving railroad, roads and pumping station, would be 
$11,500, making $381,000 total, or $1,905 per million cubic feet stored. 

Estimating the cost of moving Erie railroad abtout three miles at $150,000, two 
miles of highway $2,000, and moving oil pumping station $50,000, the total cost 
for storage would be about $580,000, or a cost per million cubic feet stored of 
$2,900. 

The drainage area is 72 square miles, and the estimated constant flow 52 cubic 
feet per second. This could be used under a head of 50 feet for four months and 
with a varying head from 50 feet to for eight months, furnishing 220 horse 
power at switch board for four months and an average of 110 horse power for 
eight months, or an average of 146 horse power for the year. The additional cost 
of developing this for power station and machinery is estimated at $9,000, making 
a total cost of $589,000, or a cost per horse power of $2,670. 

14. — Main Stream of the Genesee River of One-Half Mile Above Soio, N. T. 

A masonry dam 10 feet high and about 150 feet long could be constructed at 
this point, but as it would simply raise the water in the main stream over an 
area of about .025 square mile and would hold only 3% million cubic feet of 
water, it would have np value as a storage reservoir. The cost of this dam is 
estimated at $6,000, and the land at $1,500, making a total of $7,500, or $2,100 
per million cubic feet of storage. 

The drainage area is 295 square miles and the maximum constant flow not 
more than 118 cubic feet per second. This would give constantly 100 net horse 
power. The cost of developing this power is $5,400 additional for power station 
and machinery, making a total of $12,900, or $129 per horse power developed. 

15. — Main Stream of the Oenesee River Al>out One and One Half Miles Below 
Wellsville. 

A dam at this point would liave to be at least 1,500 feet in length, and as 
estimated, consists of a masonry spillway section in present channel 200 feet 
long, 20 feet high, and an earth embankment 1,300 feet long, 20 feet high. This 
would flow the valley approximately 10 feet deep for 1% miles upstream, and 
from % to %• of a mile wide, making a reservoir of about .28 square mile in 
area and about 78 million cubic feet capacity. 

The cost of dam would be at least $81,000, and the cost of land at $100 per 
acre $20,000, making the total cost, exclusive of the moving railroads, etc., $101,- 
000, or a cost per million cubic feet stored of $1,300. Estimating the cost of 
moving 1% miles of the new Buffalo and Susquehanna railroad at $60,000 the 
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total cost (or deTelopment would be approximate! j $160,000, or a cost per million 
gallons stored of |2,030. The drainage area at this point is 293 square miles, 
and the regulated flow 155 cubic feet per second. 

The head for power purposes would be 20 feet for five months in the year and 
would vary from 20 feet to for seven months, giving 260 net horse power for 
five months and varying from 260 to for seven months, making an average for 
the year of 183 net horse power. The cost of developing this power is, estimated 
at 117,400 for power station and machinery, making a total cost for development 
of 1177,400, or a cost per rated horse power developed of |684. 

16. — Main Stream of the Qenesee River About Four Miles Above WelUviUe. 

A dam designed for this narrow point In the valley consists of a masonry spill- 
way 50 feet high and 200 feet long, and an earth embankment 1,300 feet long 
with a maximum height of 60 feet. This would flow a broad valley, say, 1 mile 
wide in its widest part and about 2 miles long to a maximum depth of 50 feet 
and an average depth of 20 feet, having a surface area of approximately 1.6 
square miles and a capacity of 850 million cubic feet. 

The cost of dam is estimated at $370,000, and of land for reservoir $75,000, 
the moving of Buffalo & Susquehanna railroad 4 miles $200,000, the relocation 
of 5 miles of highway $5,000, making a total cost, exclusive of moving railroad 
and highways, of $445,000, or $522 per million cubic feet, and a total cost of 
$650,000, including removal of railroads, etc., or $765 per million cubic feet stored. 

The drainage area at this point is 166 square miles, and the estimated maxi- 
mum constant flow 150 cubic feet per second, which could be utilized at a head 
of 50 feet for three months and varying from 50 feet to for nine months, giving 
640 horse power for three months and varying from 640 to for nine months, 
making an average for the year of 400 net horse power. The cost of developing 
power would be $24,000 additional for power station and machinery, making a 
total cost of $674,000, or a cost of $1,050 per rated horse power. 

The valley above this point Is very broad, and no other possible dam sites were 
found In the six miles between here and the Pennsylvania State line. No investi- 
gation was made for Cryder creek, or the main stream above the State line, as, 
of course. New York would have no authority to interfere with Pennsylvania 
streams. 

The figures given In the previous descriptions are shown in tabular form in 
tables No. 1 and No. 2, below. 

Table No. 1 shows the drainage areas, capacities and cost of storage reser- 
voirs, together with the ratio of cost of each reservoir Investigated to Rafter's 
estimate of cost of storage per million cubic feet at Portage. 

Table No. 2 shows the regulated constant flow that can be maintained with 
maximum and minimum head ; maximum, minimum, and average horse power, 
cost of whole development provided power is developed in connection with storage 
reservoirs, cost of development per rated horse power of plant and ratio of cost 
to cost at Portage. 

CONCLUSION. 

It will be seen from an inspection of these tables that the reservoir site at 
Caneadea creek is the only one of all those Investigated that offers an}' promise 
whatever as a storage reservoir, and that the capacity is only 6 2-3 per cent, 
of the l*ortage reservoir, while the cost for storage as estimated is 1.44 times 
the Portage reservoir cost per million cubic feet. 

The water power at this site could be developed at lower cost per horse power 
than at any of the other locations above Portage, excepting only the very small 
power on the main stream at Scio where 100 horse power could be developed for 
$129 per horse power, but the maximum constant power to be obtained is only 
2 per cent, of that obtainable at Portage, and the cost Is 38 per cent, greater 
per horse power. 

The total combined storage capacity of all twelve reservoirs estimated upon, 
which are all that could be found on a two weeks' reconnolssance, is only 3,362 
million cubic feet or 22 per cent, of the Portage reservoir capacity, while thie 
total cost is 1.55 times more than Mr. Rafter's estimates for Portage. 

The cost per million cubic feet stored at Portage was estimated by Mr. Rafter In 
1896 to be $173, while the cost of the combined storage as estimated above la 
$1,200 or 6.94 times as great. 
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The maximum horse power that could be developed from all twelve . reservolra 
If estimated at 3J08 net horse power; the minimum horse power being 1,082 
and the average for the year being 2,847. The total cost of developing this 
power in connection with the storage reservoirs is estimated at $4,400,000, or a 
cost of $1,190 per rated horse power. The minimum 7-day 24-hour horse power 
at Portage is estimated by Mr. Freeman at 80,000, or about 28 times the amount 
estimated for all twelve reservoirs, or in other words the minimum power for all 
, twelve reservoirs Is only 3.6 per cent, of that at Portage. The cost of develop- 
ment at Portage without transmission is estimated by Mr. Freeman at $277.00 
per horse power, making the cost of development for the combined twelve reser- 
voirs to be 4.3 times the cost per horse powder at Portage. 

The value of water power to be obtained from a storage reservoir operated 
primarily to regulate the flow of the stream cannot be equal to one operated for 
power purposes only. 

In the first case the intention would be to so control the outflow as to give as 
nearly constant flow as possible regardless of head in reservoir. 

In the second case, the maximum power could be obtained by using the power 
intermittently, never drawing the reservoir down beyond the point where It would 
not replenish itself before time to start up again. The flow in the stream below 
would consequently be very erratic, . but by operating a number of reservoirs in 
conjunction during season of low water, It would be possible to. keep the power 
practically constant for the twenty-four hours and much higher than would be 
possible by operating each independently. By operating in this way, the mini- 
mum and average horse power, as calculated in the above table, could perhaps 
be increased somewhat, as the figures in the table are based on using reservoirs 
to best advantage for steam regulation. The maximum horse power given, how- 
ever, would not be changed by this method of operation, and as the cost of 
development per rated horse power is calculated upon this maximum figure, the 
conclusions as to value of power would not be changed. 

Considered from the hydraulic standpoint alone, I think that we may say with 
perfect confidence that the Lord Kelvin plan is not feasible and could not with 
any reason be considered as an alternative to the Portage project. 

In considering the electrical features of the plan, I would naturally hesitate 
to criticise anything suggested by so eminent a scientist as Lord Kelvin, but the 
scheme of direct current transmission as outlined in the Rochester Democrat and 
Chronicle of May 8, 1902, is certainly not feasible, and it is contrary to all 
accepted ideas of transmission and utilization of electrical energy. 

As Mr. Hollls French, the well-known consulting engineer, suggests in a recent 
personal letter, the reporter must have misunderstood Lord Kelvin, and that 
instead of direct current the new ** constant current system ** must have been 
Intended. Extracts from Mr. French's letters in which he states some of the 
flaws in the direct current plan and also outlines the *' constant current system,** 
are given below, as also a brief resume of the Lord Kelvin plan. 

As the hydraulic development of the so-called Lord* Kelvin plan Is the con- 
trolling feature, and this is found to be impracticable, it would not seem worm 
while to go very deeply into the electrical part. ~ 

Respectfully submitted, 

GBORGB O. SHBDD. 
8 
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EXTRACTS FROM LETTERS OF MR. HOLLIS FRENCH TO GB0B6E 
G. SHEDD, RELATIVE TO DIRECT CURRENT TRANSMISSEON. 



With regard to tbe plan of electrical tranamlnloQ of power proposed hy Lord 
Kelvin In this case, one recognises with dUBcnlty. from the description In the 
newspaper article sabmltted, any known system. From Lord Kelvin's attlta>l« 
In other matters, however, there Is reason to believe that he refers to the so- 
called direct or contlnnons constant current system of transmission as di> 
tlngulshedi from that making use of alternating current at constant potentlaL 

Ignoring the reporter's Incoherent description of the plan. It may be said that 
the direct current system has been discussed consldeiably In Boropc where Its 
most ardent advocate Is M. Rene Thury, chief engineer of the Campagnle oe 
L'Industrle Electrlque et Mecanlque of Geneva. Largely through his efforts at 
least two plants have been Installed on the Continent where this system has been 
adopted. 

One of these plants supplies the town of Lausanne, Swltserland, with direct 
current transmitting about 5,000 h. p. from St. Maurice, a distance of 85 miles, 
at 28,000 V. potential. 

The other plant transmits several thousand horse power at 60,000 v. from 
Montiers to Lyons, France, a distance of 110 miles. 

This plan has also been considered for the great Victoria Falls project where 
from 160,000 v. to 200,000 v. have been figured on. At the present time, how- 
ever, It Is believed that the Lyons project above referred to is the largest and 
most Important transmission of this kind ever attempted, though some Interesting 
experiments were carried on at Geneva a few years ago, using direct current 
at seventy thousand volts potential. 

It cannot be said that the majority of engineers, particularly In this country, 
consider this scheme very seriously, but It must be admitted that It has mad« 
suiDcient headway in Europe to be entitled to a good deal of thought. 

Briefly described, it Is a system using direct current at a constant strength 
with a varying potential. Just as Is used on the direct current arc system in 
operation In this country though on a different scale. It *ls, therefore, quite 
the reverse of the constant potential system where the current varies with the 
load. 

For (ong distance transmission of any sise ft means that a large number of 
generating units must be used, connected In series. Bach dynamo generates a 
constant current at a certain voltage. Two will, therefore, generate the same 
current, and when connected In series will double the voltage. Three vrlU glye 
thrice the voltage, and so on, the current remalalng at constant strength. 

The line voltage Is thus raised by the necessary addition of generating units 
to a point as high as Is desired for the tranmlsslon. 

This plan possesses the gi:eat disadvantage of requiring a large number of 
generating units, which Is thus quite the reverse of modern practice of aslng 
as few units as possible. It also has the objection of requiring a similar namber 
of units at the receiving end of the line to step down to working voltages. AU 
of these machines, being constant current dynamos, are of course provided mrlth 
commutators, which are entirely done away with at great advantage In the 
alternating current system. Altogether the number of machines with this system 
Is greatly in excess of those that would be provided with an alternating current 
plant, which means that floor space and attendance are at a maximum wltli con- 
tinuous current. These machines, moreover, have to be thoroughly Insulated 
from the ground, requiring very careful construction. 

On the other hand, the switchboard arrangements are very simple indeed and 
the use of direct current on the line considerably lessens tbe problem <yf in- 
sulation and strain on the insulators, which requires such careful consideration 
In alternating current lines. 

As for the question of copper, the Inevitable loss In conductors has to be 
faced whether constant current or consUnt potential Is adopted, beeanae no 
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amount of flgnring can escape Ohm's law. At equal maximum Toltage for. 
a given amount of energy transmitted, the full load current on the line Is the 
same whether we work at constant potential or constant current. The differ- 
ence is that at constant current the energy loss is constant at ali loads, whlU 
at constant potential the Insulation strain is constant. 

The relative importance of these two conditions at high voltage remains to 
be determined. 

It may safely be said that for the project under discussion, there is no questioo 
but that a proper alternating current system of transmission can easily be 
worked out along the lines of standard practice In this country, and it may very 
easily be doubted if a direct current system would offer any advantage in this 
case, either from point of view of operation or of first cost, especially when 
it is remembered that the machinery and devices required would have to be 
imported from abroad for the purpose. 

(Signed) HOLLIS FRENCH. 
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REPORT UPON VALUE OF BUILDINGS INCLUDED WITHIN THE 
LIMITS Of THE PROPOSED GENESEE RIVER STORAGE RESER- 
VOIR IN TOWNS OF GENESEE FALLS, PORTAGE, GRANGER, 
HUME, AND CANEADEA. 

By Georqe G. Shedd, C. E. 

January 24, 1908. 

Mb. John R. Fbbbman^ Consulting Engineer, Providence, R. I.: 

Dear Sib. — Responding to your request to present a brief report upon the 
value of all buildings within the limits of the proposed Genesee storage reservoir 
at Portage, N. Y., I respectfully submit the following outline and results of my 
estimate. 

Each house or building in the five towns of Genesee Falls, Portage, Granger, 
Hume and Caneadea, within the limits of the proposed reservoir, was visited 
between December 10th and 23d, inclusive, 1007, and approximate dimensi<mB of 
all buildings noted, together with my judgment of the value per cubic foot, guided 
by a carefully prepared and checked schedule of unit values for varying types of 
buildings. 

The values of the buildings thus obtained were checked in as many instances 
as possible by means of the assessed valuation, or otherwise, as opportunity 
offered. The information thus obtained is summarized for the five towns In table 
attached. 

It will be noted that, including the village of Houghton, which may not be 
disturbed, there are 1,096 buildings in all, classified as follows: 

349 dwellings. 

630 minor buildings connected therewith. 

8 churches. 

9 schoolhouses. 
30 stores. 

70 other buildingSL 

These " other buildings " are principally small shops, quarry sheds, cheese 
factories, saw mills, hotels, etc. There are no large manufacturing concerns In 
the valley, the largest being the new plant of the L. C. Roberts Mfg. Co. at 
Fillmore, where they are Just starting in to manufacture concrete machinery. 

There are two quarries which would be flooded out : The Portageville Bluestone 
Co., which is said to do business of about $40,000 to $50,000 a year (gross value 
of stone shipped) and the Genesee Valley Bluestone Co., now shut down and In 
the hands of a receiver. 

The estimated present market value of all buildings in the five towns la 
$515,626. Adding 50 per cent, to this value for the extra cost due to condem- 
nation proceedings and other legal expenses, brings the total amount required to 
purchase this property for reservoir purposes to $773,439. 

It will be noticed that this value of the buildings alone is in excess of Mr. 
George W. Rafter's estimate, in 1896, of the total land damages for this reservoir, 
which presumably included all buildings. When we add the value of land to 
be acquired it will be found that my estimate is more than 100 per cent. In 
excess of Mr. Rafter's figures, but, even with this marked discrepancy, I believe 
that my figures are conservative and are no more than should be estimated upon 
to cover all contingencies. 

The full details of estimate will be found on sheets Nos. 1-67, Inclusive, 
attached to full report, dated January 23, 1908. 

Very respectfully submitted, 

GEORGB G. SHBDD. 
[231] 
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LAND VALUES AT THE PORTAGE RESERVOIR SITE. 
(Our estimate of cost of land for this reaeryoir is so much larger than th« 
ei^timate by Mr. Rafter given in the State Engineer s Report of 1896 that in order 
to Justify the reasonableness of these later estimates it has appeared best to 
state the basis in some detail. The inyestigatton was made by Mr. Geo. G 
Shedd, O. B.. who has had practical experience in bonding of land for power 
development elsewhere and his report Is as follows. J. R. F.) 

Mr. John R. Fbbbman, Oon$ulting Engineer, Providence, R. I.: 

DisAs Sir. — In response to your request of December 7, 1907, to make as 
accurate an estimate as possible, and complete field work by December 25th, of 
the value of all buildings within the limits of the proposed Genesee river storage 
' reservoir at Portage, I beg to report as follows : 

Mbthods Adopted in Estimating Values. 

Before starting for Portage a schedule of values per cubic feet of various kinds 
of buildings was compiled from the best data at hand. The schedule adopted is 
as follows: 

Data for Estimating Approximate Value of Buildings. 

Cents per 

DwelUnga — Frame. cubic foot. 

Cheapest construction, small 4 

Ordinary construction 6-8 

Best construction, large 8-12 

Dwellhigs, brick 7-10 

Bams, frame 1 . 5-8 

Ohurche». 

Wood, ordinary 6-7 

Brick .* 8-10 

8otioolhou$e8. 

Wood, ordinary 6-10 

Brick 8-10 

8tore§. 

Wood 5-7 

Brick 7-9 



These values are for new buildings. Depreciation is ordinarily estimated on 
the frame buildings from 2 to 3 per cent, per annum, and on brick buildings from 
1 to 1% per cent, per annum. 

In estimating the cubical capacity of the various buildings the cellar is Included, 
and the height is taken halfway between the eaves and ridgepole, so as to get 
approximately the actual cubical capacity of the building. Realizing that the 
error In Judgment in adopting a unit value for the various buildings was liable 
to overbalance any little Inaccuracy in estimating the cubical capacity, approximate 
rapid methods were used, using greater care with the larger and more expensive 
buildings. 

Upon arrival at Portagevllle on December 10th, my first endeavor was to check 
this schedule. I soon found that Mr. Michael Joyce, the proprietor of the 
Genesee Palls House, one of the few monied men of the town, had a large personal 
knowledge of the cost and recent selling prices of a great many of the houses 
and property in Portagevllle, and he very kindly gave me a large amount of data 
by which I was enabled to check this schedule, which was found to agree very 
well with the values in Portagevllle when using a rate of depreciation of 2 per 
cent per annum. 
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Througb permlsaion of Mr. Walter McCulloh, ooDsaltinc ensiiieer, Mr. B. H. 
Prentice, the recorder In the party of engineers in the employ of the Commiaslon 
Jaat leaving Portage, was detailed to assist me in measuring buildings, etc. 

A c!ieck in the valaation at Fillmore was also obtained throng Messrs* Warren 
M Sweet and Floyd Couch and a nnmber of others who were aMe to give ms 
exact cost values of different buildings. 

The value «/f real estate in general is quite a little higher at Fillmore than 
at Portageville, Wiscoy or Bossburg. The selling value of real estate in Portage- 
vllle for the past few years seems to have been considerably below the actual value 
of such buildings elsewhere. 

In the course of my investigation there I learned of several estates which were 
sold at rates far below what I would consider a fair market value. Fbr instance, 
one of the best houses in PortageviUe, which must have cost $2,500, was sold, 
together with six lots, for only |800. While this low valuation would undoubt- 
edly be talLen into account when purchasing property for reservoir purposes, I 
did not consider it wise in preparing my estimate to place values very much 
below what they would ordinarily sell for in normal conditions. 

In order to furnish a check upon my estimate the assessed valuation of a 
large number of buildings estimated was obtained. While I believe the assessors 
are supposed to assess prc^erty for its fair cash value they will tell you that 
they placed valuation at from 60 to 75 per cent of the actual value. My obser- 
vations would seem to place the assessed value approximately at 50 per cent, of 
the fair market value, and this was confirmed by Mr. W. «P. Brooks, the president 
of the Fillmore State Bank, who probably is as well posted upon actual values of 
real estate as any man in Fillmore. The assessed value, while useful as a 
guide, does not always give the true indication of the actual value, as I found 
a number of apparent discrepancies between the assessed valuation and the actual 
valuation. 

It was the Intention to take photographs of all the Important buildings esti- 
mated, but owing to the weather conditions this was found to be practically 
Impossible. The sky was clear on portions of three days only in all the time 
that I was out there. However, whenever it was possible, I took photographs, 
even if the light was not of the best ; although the photographs will not be as 
good as might be desired, they will give some indications of the character of 
the buildings. 

About half the buildings in PortagevlUe, and nearly all in Fillmore, were 
photographed, and a few of the farmhouses between. A few photographs were 
also obtained of the village of Houghton. 

Attitude of Besidents Toward Construction of Besesvoib. 

While not exactly in the line of this report, it may be of interest to note 
what I observed of the attitude of the owners of the property throughout the 
valley toward the construction of this reservoir. 

In 1896, I understand, the people were very bitter and were strongly opposed 
to this project, but since then several disastrous floods have occurred, notably 
that of July 5, 1902, which has materially changed the attitude of the people. 
That flood practically destroyed all the crops of the lowlands, washed out bridges 
and roads and caused great damage in all the towns along the river. While 
confidence is returning slowly, at the same time there still remains a constant ' 
apprehension of the recurrence of this flood, so that most of the people would 
now be very glad of the opportunity to sell their places, provided a fair price 
was offered. 

I found very few people who really objected to the building of this reservol^. 
One of them, Mr. W. P. Brooks, was in 1896 one of the principal opponents 
to the project and headed a delegation that went to Albany in opposition 
to it. His principal objection now seems to be that Fillmore would probaMy 
ose its prestige as a business center, and that the State, or whoever constructed 
the reservoir, would not place high enough value upon the condemned property 
to fully compensate the owners. 

Nearly all the farmers throughout the valley would like to see the reservoir 
constructed, but a number of the business men of Fillmore would probably object 
to it on account of probable loss of business. 



Studies of Wateb Power Development. 285 

Value of LAin>. 

The value of the land to be taken was also outside the limits of my Inrestlga- 
tion, but I win record a few facts noted. Village lots in PortageviUe of one- 
fourth acre or less in size are commcxily sold for about $100 per lot, although 
I learned in one instance where a small lot was sold recently at a rate of about 
11,200 per acre. This is an exception though and should not be taken as a 
guide to the ordinary value. 

The best farm land, that is, good, rich, tillage land, situated at a level of ten 
to twenty feet above the ordinary low water, or, in other words, high enough 
so that the ordinary floods do not reach it, is sold at a rate of from $75 to 
$100 per acre. 

Other farm land ranges from that price down to about $30 per acre, this for 
the poorest side hill land. 

In the village of Fillmore small lots on the main street in the center of the 
village would sell for perhaps a rate of $2,400 per acre; on the side residential 
streets for about $1,200 per acre. 

One farm directly across the river from Fillmore, was bought at a rate of 
$117 per acre. This is the highest price of any farm land in the valley that I 
was able to learn of. 

The best farm land away from the village sells for about $100 per acre; good 
farm land for about $75 per acre and ranging from that down to about $30. 

The details of my estimate giving the owner, character of building, approxi- 
mate cubical capacity of each building, unit value placed upon it, estimated 
value, assessed value, photogr&ph number and any other facts noted are shown 
on the fifty-five detailed sheets accompanying. 

A summary of all the buildings In each town is shown separately on sheets 
Nos. 50 to 66 inclusive, and a summary of all the towns is also shown on 
sheet No. 67. , 

It will be noticed that the total number of all buildings estimated In all five 
towns is 1,096, with an estimated present market value of $515,626. Allowing 
an advance of 50 per cent, due to condemnation proceedings and other legal 
expenses, the total estimated amount required to purchase for reservoir purposes 
Is $773,438. Thl^ includes all *buildin|s which it was thought it would be neces- 
sary to purchase. 

In a number of instances the buildings are situated from ten to twenty feet 
above the flow line, but the greater part of the land connected with them was 
situated below the flow line. Where the buildings were between ten to twenty 
feet above the flow line and the greater part of the land above that, it was not 
thought necessary to estimate them. 

The main portion of the village of Houghton in the town on Caneadea is 
Included to be on the safe side, but it is quite likely that this village will not 
be disturbed, as it is between ten and flftecn feet above the maximum flow line. • 

There are fifty-seven buildings with a total estimated value of $72,900 Included 
in the village of Houghton, which will probably not be required. A few buildings 
also in the villages of Wiscoy and Fillmore were estimated, which it may not be 
necessary to disturb. On the other hand, it may be necessary to acquire these 
on the ground of the removal of all their interests. 

The estimated values given in tables are for buildings alone and not for busi- 
ness, although side notes upon value of the business wherever it was obtained, 
are given on the detailed sheets. 

In grouping the various kinds of buildings in the summary, the item " minor 
buildings connected '* is principally bams, granaries, sheds and other small 
buildings. The item of " other buildings " is principally made up of small shops, 
quarry sheds, cheese factories, saw mills, hotels, etc. 

There are no large manufacturing concerns in the valley, the largest being the 
new plant of the L. C. Roberts Mfg. Co. at Fillmore, where they are Just starting 
in to manufacture concrete machinery. 

In 1896, State Engineer and Surveyor's Report, page 691, Mr. Geo. W. Rafter 
estimates the total land damages, which apparently includes all the land, esti- 
mated at 8,300 acres, and buildings to be acquired, at only $650,000, whereas 
my estimate of buildings alone is $773,439, which would make my estimate, after 
value of land is adde^, more than 100 per cent, in excess of his. Nevertheless, 
I am convinced that my estimate is conservative, excessive as these figures would 
seem to Indicate. Respectfully submitted, 

GBOROS O. 8HEDD. 
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T<non of Ometetf FalU, V. 7,, including Village of PortageviUe. 

Total namber of dwelUngi 74 

Total namber minor bnildlngB eonnected 69 

Total namber charehea 4 

Total namber acboolbooaea 1^ 

Total namber atorea 3 

Total namber other balldlnga 23 

Total namber all balldlnga IM ' 

Batlmated present market Talae $87,479 

Elztra cost due to condemnation proceedings and otber legal expenses, 

say, 50 per cent 43,739 

ToUl $131,218 



NOTB. — Village lots In PorUgeTille, M acre sell for $100 or $400 per acre. 
Best farm land sells for from $75 to $100 per acre. 
Cheapest farm land $30 per acre. 

One small lot in Tillage recently boaght at rate of $1,200. 
Total assessed value of Beal Estate In Genesee Falls, 1907, $363,977. 



Town of Caneadea. 





exclusiye of 
Houghton. 


Village Of 
Houfliton 
CL 12.104. 


Total 
including 
Houghton. 


Total number dwellinES 


8 
27 


30 
19 

1 
1 
4 
2 


38 


Total number minor buildings connected 

Total numh^^r churcheii . .,...,...,, t .,.,,,■, - 


46 
1 


Total number schoolhouses 




1 


Total number stores 




4 


Total number other buildings 


2 


4 








37 


57 


94 






Estimated present market value 


$14,418 
7.209 


$48,600 
24.300 


$63,018 


Extra cost due to condemnation proceedings and 
other legal expenses, say, 50 per cent 


31.509 


Total 


$21,627 


$72,900 


$04,527 
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Town of Hume, including Villages of Vo8shurg,Wi8Coy and Fillmore. 

Total number of dwellings 207 

Total number minor buildings connected 423 

Total number, churches 8 

Total number schoolhouses 6 

Total number stores .* 28 

Total number other buildings 42 

Total number all buildings 704 

Estimated present market value....* $387,240 

Extra cost due to condemnation proceedings and other legal expenses, 

say, 50 per cent 108,623 

Total . . . $506,809 



Note. — ^Land In Village of Fillmore sells in small lots on Main St., at rate of 

$2,400 per acre. 
Land in Village of Fillmore sells in small lots on side streets at rate 

of $1,200 per acre. 
Best farm land near village sells for $117 per acre. 
Best farm land away from village sells tor $100 per acre. 
Ordinary good farm land away from village sells for $76 per acre. 
Cheapest farm land away from village sells for $80 per acre. 



Toum of Granger. 

Total number dwellings 18 

Total number minor buildings* connected 66 

Total number churches 

Total number schoolhouses 

Total number stores 

Total number other buildings 1 

Total number all buildings -. 60 

Estimated present market value $11,478 

Extra cost due to condemnation proceedings and other legal expenses, 

say, 50 per cent 6,737 

Total $17,220 



Town of Portage, 

Total number of dwellings 17 

Total number minor buildings connected 47 

Total number churches 

Total number schoolhouses - 1 

Total number stores 

Total number of other buildings 

Total number all buildings '. 66 

Estimated present market value $16,410 

Extra cost due to condemnation proceedings and other legal expenses, 

say, 60 per cent 8,206 

Total $24,615 
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Law Dieecting the State Water Supply Commission to 
Make Studies for Water Power Development. 



CHAP. 569, LAWS OF 1907. 
AN ACT authorizing and directing the state water supply 'oom- 
missioti to devise plans for the progressive development of the 
water powers of the state for the public use, under state owner- 
ship and control, and making an appropriation therefor. 

Became a law, July 12, 1907, ^ith the approval of the Governor. Passed, 
three-fifths being present. 

The People of the State of New York, represented in Senatae 
and Assembly, do enact as follows: 

Section 1. After the passage of this act, the state water supply 
commission is authorized and directed to devise plans for the 
progressive development of the water powers of the state under 
state ownership, control and maintenance for the public use and 
benefit and for the increase of the public revenue. 

§ 2. The commission shall proceed at once to collect informa- 
tion relating to the water powers of the state and shall devise 
plans for the development of such water powers, as it deems avail- 
able and may devise plans for the development of such other water 
powers as shall be brought to its attention by the mayor of any 
city, the president of any village, a supervisor of any town or the 
chairman of the board of supervisors of any county, by a petition 
verified and filed vnth it, praying for the development of such 
water powers. Each such petition shall show and set forth the 
public purposes to be served by the development therein proposed, 
and the commission may subpoena the petitioner or petitioners 
and such other persons as may be deemed desirable to appear be- 

1239] 
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lore it and to testify under oath, which oath may be administered 
by any ni(,^mbcr of the commission, as to the statements made in 
the petition and as to other matters relating to the subject thereol 

§ 3. The commission shall present a report to the governor and 
tho legislature on or before the first day of February, in the year 
nineteen hundred and eight, showing the progress made in its 
investigation, and shall, if practicable, complete its investigations 
to such extent as will enable it to devise a comprehensive and 
i'.actjcal plan for 'the general development of the water powers 
of th( state, and shall, if practicable, make the final report of 
such plan to the governor on the first day of February, in the year 
nineteen hundred and nine. The governor shall, if practicable, 
submit the said final report with his own recommendations, if 
any, relating thereto, to the legislature on or before the twentieth 
day of March, nineteen hundred and nine. In addition to the 
number provided by law, two thousand copies of the reports of 
the commission and the recommendations of the governor shall be 
printed. 

§ 4. If any plan devised by the commission shall include the 
construction of a dam or dams upon any river or water course, 
the commission shall ascertain and report as nearly as practicable, 
the water storage capacity in cubic feet of the reservoir created 
by each such proposed dam, the recorded rain fall on the water- 
shed above such proposed dam, and the maximum, minimum and 
average flow of water, per second, in cubic feet during each 
month in the year at the point where it is proposed to locate such 
dam. They shall, as nearly as practicable, estimate the water 
horse power which would be developed at such proposed dam, the 
probability of selling such water power, and the probable gross 
and net revenues from both direct and indirect sources which 
would be derived from the sale of such power at such proposed 
dam. It shall also state the relation of such gross and net 
revenues to the total cost of the construction, annual maintenance 
and depreciation, including the cost of necessary lands and ripa- 
rian rights, and cost of acquiring them, and after deducting the 
annual cost of maintenance and depreciation, the net revenues 
which would be annually derived therefrom, and the length of 
time in which such net revenues would pay off the whole cost of 
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construction lands and riparian rights with the interest thereon. 
The commission may include such other matters as it shall deem 
proper, in its report to the legislature. 

§ 5. The reports of the commission shall specifically designate 
and recommend what work in their opinion, should be first under- 
taken and what work should be thereafter undertaken in the order 
of the importance thereof to the state. 

§ 6. In order to determine the probable gross revenues, the 
rate of charge for the use of the water horse power under con- 
tract for sale shall be based upon the aggregate cost of the de- 
veloi)ment, including the land and riparian rights of the single 
project, the cost of its superintendence, maintenance and 
depreciation, and the aggregate water horse power available from 
that single project, and such rate of charge shall 'be so adjusted 
that it will produce a net revenue sufficient to pay, in addition 
to all costs of superintendence, maintenance and depreciation, the 
interest upon the bonds as the same shall become due and the 
principal of said bonds at their maturity. 

§ 7. Surveys, plans, maps, calculations and estimates of cost 
may be made to determine the feasibility of any specific project 
for water-power development. 

§ 8. All final surveys, plans, maps, calculations and estimates 
made pursuant to the provisions of this act shall be made with 
the same accuracy that would be requisite if the work and project 
so surveyed had been ordered to be done, and all surveys, plans, 
maps, calculations and estimates relating thereto shall be pre- 
served for record and reference. 

§ 9. The commission in its reports shall treat the general plan 
it shall devise and recommend for the development of the water 
power of the state as one state project and shall treat the specific 
and separate schemes of development as parts of the whole in 
order that the legislature and the people may have before them at 
once the most complete and comprehensive statement of the possi- 
bilities of the water power of the state and detailed as well as the 
aggregate cost of the development in such general plan proposed 
to be made. 

§ 10. The commission in its final report shall also include the 
draft of a bill for a general law providing for carrying its recom- 
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mendations into effect It shall give such particular and detailed 
description of the several separate and specific schemes of develop- 
menl; which are parts of the whole as may be necessary to desig- 
nate clearly the work to be done, and such particulars as to each 
project shall be stated separately. Such bill shall include a finan^ 
cial plan providing for the issue of the bonds of the state in such 
amounts as may be required for paying the cost of the water 
power development to be made, how and when the bonds shall be 
issued and sold, the term for which they are to run, the rate of 
interest thereon, the annual tax to pay and sufficient to pay the 
interest thereon when due and the principal thereof when the 
same shall mature. The bill shall provide for the creation of a 
sinking fund into which the moneys received from the tax by such 
bill levied shall be paid, and into which the net revenues received 
from the sale of water power shall be paid, until the moneys in 
such sinking fund shall be sufficient to fully provide for the pay- 
ment of the principal of all such bonds and the full interest 
thereon to the date of their maturity, and the tax shall then be 
discontinued under the provisions of article seven, section eleven, 
of the constitution. The bill shall provide for a separate issue of 
the bonds of the state for each separate scheme of development 
and for the submission of the bill to a vote of the people for their 
approval at a general election as provided in article seven, section 
four, of the constitution for the creation of a debt. 

§ 11. The commission shall have power to appoint such en- 
gineers, assistant engineers and experts, fitted by experience, to 
advise the commission and to conduct under its direction the 
surveys, and the preparation of plans, maps, calculations and esti- 
mates as may be necessary within any appropriation which may 
be available therefor. 

§ 12. The general plan which shall be devised by the commis- 
sion under the provisions of this act, shall not include any of the 
streams and water courses which supply the canals of the state, 
excepting such streams and water courses as the state engineer 
and surveyor and the canal board, shall state in writing, will not, 
if used as above provided, substantially diminish the water supply 
of such canals or the navigability thereof, and provided that such 
plan shall not include any development of water power which 
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would effect a diversion from any of the navigable waters of this 
state in suflScient quantity to interfere with the navigation of 
such rivers or water courses. • 

§ 13. The sum of thirty-five thousand dollars ($35,000), or so 
much thereof as may be necessary, is hereby appropriated out of 
any funds in the treasury of the state, not otherwise appropriated, 
to carry out the provisions of this act, and the said moneys shall 
be paid by the treasurer on the warrant of the comptroller to the 
order of the state water supply commission when certified by that 
commission to be needed from time to time in carrying out the 
provisions of this act. 

§ 14. This act shall take effect immediately. 
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Classified Statement of Expenditubes undeb Chapteb 569, 
Laws of 1907, to March 1, 1908. 

Appropriation. 
July 12, 1907, by chapter 569, Laws of 1907 $35,000 00 

Disbursements. 

Compensatioii of Consulting Engineer. $7,500 00 

Salaries of engineering force 13,508 53 

Maintenance expenses of engineering 

force . . , 2,828 90 

Traveling and sundry expenses of 

Commissioners ' 440 46 

Traveling and sundry expenses of 

Engineers 1,170 79 

Digest of water laws 200 00 

Livery 1,137 33 

Engineering supplies 490 19 

Maps, blue prints and photographs . . . 173 46 

Rental and purchase of instruments. . 461 38 

Test borings 1,663 20 

Stream gaging, in co-operation with 

U. S. G. S 1,754 86 

Rain gaging 428 93 

Printing and stationery 92 00 

Telegraph and telephone 9965 

31,949 68 



Balance, March 1, 1908 $3,050 32 
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